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ABSTRACT 
ABSTRACT 
Sugar stabilizes proteins against extremes of heat denaturation. 
This was studied by means of density, ultrasonic velocity, conductance 
and viscosity measurements of the globular protein. Human Serum 
Albumin (HSA) for the following (i) HSA-buffer (pH 7.0) and (ii) HSA-
trehalose-buffer (pH 7.0) systems as function of HSA concentration and 
temperature. 
Using density and ultrasonic velocity data, adiabatic 
compressibility ((3), change in adiabatic compressibility (Af3), relative 
change in compressibility (Ap/Po), partial specific volume {v°) and partial 
specific adiabatic compressibility ((3^ ) have been evaluated. These 
parameters have been found to vary with protein concentration as well as 
temperature and these changes are pronounced after the addition of the 
chemical stabilizer, trehalose. The value of adiabatic compressibility 
decreases on addition of trehalose to HSA-buffer system showing that the 
protein is getting compressed on addition of sugar indicating stabilization 
of HSA on addition of trehalose. 
The solute-solvent interactions were studied in the light of 
thermodynamic parameters viz., the compressibility lowering (Af3). Thus 
the study of A[3 ultimately leads to a better understanding of the 
molecular configuration and interaction. Compressibility lowering was 
evaluated as the difference in the compressibilities of solvent and 
solutions. The minima obtained at particular HSA concentration of 
7.5X10"'g.mr' on addition of trehalose indicates enhanced interactions, 
hence more stabilization. 
The negative values of partial specific volume were obtained after 
the addition of trehalose to HSA-buffer system due to increase 
compactness of protein molecule, with minimal conformational 
flexibility, suggesting stabilization of the protein by trehalose. Similarly, 
in case of partial specific adiabatic compressibility, negative values with 
zig-zag pattern were obtained on addition of trehalose to HSA-buffer 
system due to increased hydration shell of the protein, this is due to the 
fact that trehalose increases the hydrophobic, electrostatic and hydrogen 
bonding interactions giving rise to the compact structure of protein. Thus 
such studies on the volume and compressibility behaviour of solutes in 
solution can provide information concerning solute-solvent and solute-
solute interactions. 
The high glass transition temperature (Tg) of trehalose has 
increasing significance during studies on its bioprotective action and 
effective protein stabilization. Thus, in the present study, a new parameter 
11 
was determined iVom conductivity and viscometric measurements. It was 
termed as minimum conductivity temperature (T,i,e) or pseudo glass 
transition temperature, which was found to be a good rellection ol Kg. 
From the conductivity data certain derived parameters such as 
specific conductance, relative specific conductance, molar conductance, 
relative molar conductance, Walden product and T„ic have been 
evaluated. The molar conductance of the said systems increases with 
increasing temperature and decreases with rise in protein concentration. 
The decrease in molar conductance with the increase in viscosity was 
predicted by the parameter Walden product. 
Similar, to the compressibility data a minima was obtained in 
relative specific conductance at 7.5X10'^g.ml'' HSA concentration for 
HSA-trehalose-buffer system indicative of decreased mobility of solute 
molecules, which was suggestive of enhanced stabilization of HSA in 
presence of trehalose. The Arrhenius plot gave a value of 317.04 K as the 
T,„c temperature of HSA in presence of trehalose at 7.5X10"'^g.mr' HSA 
concentration showing the appearance of solid/pseudo glass phase. 
Density and viscosity measurements were carried out for the two 
systems and the.data obtained was used to calculate specific viscosity 
(tlsp), change in enthalpy (AH), change in entropy (AS) and free energy 
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(AG) lor stabilization. The viscosity and its derived parameters provide 
information regarding the shape and size of the molecules. Viscosity of 
both the systems increases with increase in protein concentration and 
decreases with increase in temperature. The stabilizing action of trehalose 
on the protein-HSA was evident from the lowering of the values of AS 
and v° for HSA-trehalose-buffer system when compared to those of 
HSA-buffer. 
The thermodynamic parameters enthalpy, entropy and free energy 
have been found to vary with changes in protein concentration and 
(emperature and the change was more signillcant alter the addition of the 
chemical stabilizer, trehalose. The enthalpy and free energy of HSA-
buffer increase, while entropy decreases on addition of trehalose. The 
value of T|,ic obtained for HSA-trehalose-buffer system from conductivity 
studies was reconfimied by the viscosity data using the Arrhenius 
expression. 
The results obtained from such studies suggest that the stabilization 
of HSA occurs in presence of trehalose through strengthening of mainly 
hydrophobic interactions. Studies like the present one could be helpful in 
understanding the bioprotective action of trehalose, which has increased 
clinical and industrial applications. 
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ABSTRACT 
ABSTRACT 
Sugar stabilizes proteins against extremes of heat denaturation. 
This was studied by means of density, ultrasonic velocity, conductance 
and viscosity measurements of the globular protein. Human Serum 
Albumin (HSA) for the following (i) HSA-buffer (pH 7.0) and (ii) HSA-
trehalose-buffer (pH 7.0) systems as function of HSA concentration and 
temperature. 
Using density and ultrasonic velocity data, adiabatic 
compressibility ((3), change in adiabatic compressibility (A[3), relative 
change in compressibility (Ap/(3o), partial specific volume (v°) and partial 
specific adiabatic compressibility (%) have been evaluated. These 
parameters have been found to vary with protein concentration as well as 
temperature and these changes are pronounced after the addition of the 
chemical stabilizer, trehalose. The value of adiabatic compressibility 
decreases on addition of trehalose to HSA-buffer system showing that the 
protein is getting compressed on addition of sugar indicating stabilization 
of HSA on addition of trehalose. 
The solute-solvent interactions were studied in the light of 
thermodynamic parameters viz., the compressibility lowering (Af^ ). Thus 
the study of A(3 ultimately leads to a better understanding of the 
molecular configuration and interaction. Compressibility lowering was 
evaluated as the difference in the compressibilities of solvent and 
solutions. The minima obtained at particular HSA concentration of 
7.5X10"''g.mr' on addition of trehalose indicates enhanced interactions, 
hence more stabilization. 
The negative values of partial specific volume were obtained after 
the addition of trehalose to HSA-buffer system due to increase 
compactness of protein molecule, with minimal conformational 
flexibility, suggesting stabilization of the protein by trehalose. Similarly, 
in case of partial specific adiabatic compressibility, negative values with 
zig-zag pattern were obtained on addition of trehalose to HSA-buffer 
system due to increased hydration shell of the protein, this is due to the 
fact that trehalose increases the hydrophobic, electrostatic and hydrogen 
bonding interactions giving rise to the compact structure of protein. Thus 
such studies on the volume and compressibility behaviour of solutes in 
solution can provide information concerning solute-solvent and solute-
solute interactions. 
The high glass transition temperature (Tg) of trehalose has 
increasing significance during studies on its bioprotective action and 
effective protein stabilization. Thus, in the present study, a new parameter 
ii 
was determined from conductivity and viscometric measurements. It was 
termed as minimum conductivity temperature (T,„c) or pseudo glass 
transition temperature, which was found to be a good reflection of Tg. 
I'rom the conductivity data certain derived parameters such as 
specific conductance, relative specific conductance, molar conductance, 
relative molar conductance, Walden product and T,nc have been 
evaluated. The molar conductance of the said systems increases with 
increasing temperature and decreases with rise in protein concentration. 
The decrease in molar conductance with the increase in viscosity was 
predicted by the parameter Walden product. 
Similar, to the compressibility data a minima was obtained in 
relative specific conductance at 7.5X10""*g.ml'' HSA concentration for 
HSA-trehalose-buffer system indicative of decreased mobility of solute 
molecules, which was suggestive of enhanced stabilization of USA in 
presence of trehalose. The Arrhenius plot gave a value of 317.04 K as the 
T„ic temperature of HSA in presence of trehalose at 7.5X10"'*g.mr' HSA 
concentration showing the appearance of solid/pseudo glass phase. 
Density and viscosity measurements were carried out for the two 
systems and the.data obtained was used to calculate specific viscosity 
(r|sp), change in enthalpy (AH), change in entropy (AS) and free energy 
iii 
(AG) for stabilization. The viscosity and its derived parameters provide 
information regarding the shape and size of the molecules. Viscosity of 
both the systems increases with increase in protein concentration and 
decreases with increase in temperature. The stabilizing action of trehalose 
on the protein-HSA was evident from the lowering of the values of AS 
and v° for HSA-trehalose-buffer system when compared to those of 
HSA-buffer. 
The thermodynamic parameters enthalpy, entropy and free energy 
have been found to vary with changes in protein concentration and 
temperature and the change was more significant after the addition of the 
chemical stabilizer, trehalose. The enthalpy and free energy of HSA-
buffer increase, while entropy decreases on addition of trehalose. The 
value of T,iic obtained for HSA-trehalose-buffer system from conductivity 
studies was reconfinned by the viscosity data using the Arrhenius 
expression. 
The results obtained from such studies suggest that the stabilization 
of HSA occurs in presence of trehalose through strengthening of mainly 
hydrophobic interactions. Studies like the present one could be helpful in 
understanding the bioprotective action of trehalose, which has increased 
clinical and industrial applications. 
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CHAPTER I 
STUDY OF THE ULTRASONIC AND 
VOLUMETRIC BEHA VIOUR OF HUMAN 
SERUM ALBUMIN-BUFFER AND HUMAN 
SERUM ALBUMIN-TREHALOSE-BUFFER 
SYSTEMS, DURING STABILIZA TION OF 
PROTEIN A TpH 7.0 
INTRODUCTION 
A lot of research has been carried out on the study of 
intermolecular - interionic interactions (Onori, 1988; Ogawa et al., 1984; 
Sakurai et al., 1975; Owen et al., 1961; Owen et al., 1957; Pinfield et al., 
1953 and Washburn et al., 1915), such as solute-solute, solute-solvent 
interactions specially involving biomolecules. 
Regarding the nature and the extent of intermolecular ~ interionic 
interactions occurring in solutions ultrasonic velocity of solutions has 
been proved to be a significant physical property. Different theories have 
been proposed by different workers for the calculation of ultrasonic 
velocity (Cast et al., 1998; John et al., 1970; Van Dael et al., 1969; 
Kawahara et al., 1965; Nomoto, 1963 and Jacobson, 1952). The 
ultrasonic velocities of proteins have been measured experimentally in 
aqueous as well as mixed aqueous solvents (Hedwig, 1995; Kikuchi et al., 
1995; Gekko et al., 1991; Gekko et al., 1986 and Millero et al., 1976). 
Different ultrasonic parameters, such as specific acoustic impedance, Z, 
adiabatic compressibility, (3, compressibility lowering, AP, relative 
lowering in compressibility, A[3/[3o etc. have been calculated from the 
ultrasonic velocity, u, and density, p, of the solutions (Hutington et al., 
1995; Kint et al., 1979 and Anfinsen et al.. 1975). 
In case of globular proteins ultrasonic velocity as function of 
concentration was found to be typical in nature indicating different degree 
of thermal and chemical unfolding of the proteins. The partial specific 
volume and compressibility of protein solutions were evaluated from 
ultrasonic velocity and density. The partial specific volume of a protein is 
a characteristic parameter that has been used to elucidate several 
processes that depend upon the protein conformation. Compressibility of 
solutions is an essential physical characteristic reflecting intermolecular 
interactions and dynamics processes occurring in solution. Jacobson and 
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Miyahara measured protein compressibility in solution by using 
ultrasound velocity measurements with an ultrasonic interferometer 
(Waris et a!., 2001). The compressibility obtained by this technique is 
partial specific adiabatic compressibility, (3^ . 
During the last 10 years considerable amount of work has been 
done on the adiabatic compressibility of proteins. The compressibility of 
the solution may be determined by the effects from solvent, solute, and 
solvation. The effects of the solute can be grouped into two parts: the 
compressibility effect of the solute molecule itself and that of solute -
solute interaction. The important result obtained from such studies was 
that the globular proteins have positive compressibility indicating a great 
contribution of the internal cavity to the structure of protein in 
comparison to solvation (Devine et al.. 1971; Tyrrel et al., 1968; 
Miyaraha, 1956 and Jacobson, 1950). 
The solute - solute interactions were studied in the light of 
thermodynamic properties viz. the compressibility lowering, Ap. Thus the 
study of A(3 would ultimately lead to a better understanding of the 
influence of molecular configurations and interactions (Pandey et al., 
1991). 
The partial specific volumes and partial specific compressibilities 
of a protein are macroscopic properties, which are particularly sensitive 
to hydration properties of solvent - exposed atomic groups, as well as to 
the structure, dynamics and compressibility of the solvent inaccessible to 
the protein interior (Chalikian et al., 1996; Chalikian et al., 1994 and 
Kharakoz et al., 1993). Thus, unfolding or refolding in proteins would 
definately influence the corresponding changes in the compressibility and 
hydration of the protein. 
In aqueous solution the adiabatic compressibility of peptides or 
proteins consists of two components, one related to relaxation process 
2 
and the other due to hydration of the peptides (Sarvazyn. 1991). The more 
rigid the interior of a protein, the smaller will be its intrinsic 
compressibility. Consequently this will result in reduced partial specific 
adiabatic compressibility of the protein. More atomic groups of protein 
exposed to the solvent lead to more negative contribution of hydration, 
which results in a reduction in the final value of partial specific adiabatic 
compressibility (Gotto et al.. 1964). Further the cavity formation in the 
interior of the protein or peptide aggregate will also have an influence due 
to its elastic deformation. It should be mentioned that compressibility 
decreases sharply upon compression indicating that proteins are highly 
non-linear systems (Andrews et al., 2002 and Kharakoz, 1991). 
The unfolding pathways (both chemical and thermal) of human 
serum albumin (HSA), one of the most characterized proteins, have been 
examined in previous studies (Santra et al., 2004; Muzammil et al., 2000; 
Farrago et al., 2001; Flora et al., 1998; Pico, 1997 and Tanaka et al., 
1997). 
HSA is a major plasma protein; it is single chain polypeptide of 
585 residues, which comprises about 60% of plasma protein (AJloo et al., 
2007). In addition it has been reported that albumin is chiefly responsible 
for maintenance of blood pH (Carter et al., 1994 and Figg et al., 1991). In 
mammals albumin is synthesized by the liver and possesses a half-life of 
19 days in circulation (Carter et al., 1994 and He et al., 1992). Serum 
albumin is one of the most studied proteins since past 40 years. 
Sugars largely effect the structure and other properties of proteins 
including thejr stability, denaturation etc. In literature there are reports 
about the effect of sugars on the stability of proteins and enzymes (Waris 
et al., 2001; Anjum et al., 2000; Mora Gutierrez et al., 2000; Demetriades 
et al., 1998; Rishi et al., 1998; Xie et al., 1997; Lin et al., 1996; Taneja et 
al., 1994; Monsan et al., 1988; Ahmad et al., 1986; Mozhaev et al., 1984; 
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Monsan et al., 1984; Klibanor, 1983; Arakawa el al.. 1982; Back et al., 
1979; Schmid 1979; Torchilin et al., 1979; Donowan 1977; Gerlsma et 
al., 1972; Simpson et al., 1953 and Ball et al., 1943). 
Trehalose is a disaccharide. that promotes protein stabilization. 
Specific interaction of trehalose with the protein or changes in the solvent 
structure may be involved in the stabilization process by trehalose. 
Trehalose, also known as mycose. is a natural alpha linked 
disaccharide formed by an, (a 1—*1) glucoside bond between two a 
glucose units. In 1832 Wigger's discovered trehalose on an ergot of rye 
and in 1859 Berthelot isolated it from trehalamanna, a substance made by 
weevils and named it trehalose. It can be synthesized by fungi, plants and 
invertebrate animals. Trehalose is a non reducing sugar formed from two 
glucose units Joined by 1-1 alpha bond giving it the name of a - D -
glucopyranosyl - (1—»• 1) - a - D - glucopyranoside. The bonding made 
trehalose very resistant to acid hydrolysis, and therefore stable in solution 
at high temperatures and even under acidic conditions. 
It is used as a protein stability agent in research (Arakawa et al., 
2001). It is particularly effective when combined with phosphates ions 
(U. S. Patent 6, 653. 062). Trehalose has also been used in several 
biopharmaceutical monoclonal antibody formulations. 
In the present work, we are trying to seek: (i) the values of partial 
specific volume, adiabatic compressibility, partial specific adiabatic 
compressibility and relative lowering of adiabatic compressibility of HSA 
in 0.0 IM phosphate buffer at pH 7.0 to see the structural changes of 
protein in buffer solution, (ii) the change in magnitude of above 
parameters during thermal denaturation, (iii) the change in magnitude of 
the said parameters during chemical stabilization of protein in presence of 
0.05M trehalose. 
THEORY 
The coefficient of adiabatic compressibility (P) is related to the 
sound velocity (u) and density of solution (p) by the Laplace equation 
p - l / ( p u - ) 1.2 
The compressibility lowering was evaluated as the difference in the 
compressibility of solvent and solution 
Ap-(3-Po 1.3 
Where P and % are the coefficients of the adiabatic compressibilities of 
the solution and solvent respectively. 
The relative change in adiabatic compressibility is calculated by 
the equation (1.3). 
Pr = Ap/(3o 1.4 
To obtain the partial specific volume, v ° the experimental 
procedure reported Gekko el al. (1986) and Taulier et al. (2002) was 
used. The partial specific volume of a protein has been defined as 
u ° - l i m , _ o [ ( l - V J / C ] ^ 1.5 
Where V° = ( p - C) / po 1.6 
The partial specific volume, v °, can be estimated with good 
approximation as the sum of the constitutive atomic or group volumes 
(Edsall et al., 1953 and Zamyatnin et al., 1972). The partial specific 
volume of a protein in a solution consists of sum of three contributing 
factors (Kauzmann, 1959): (1) the constitutive volume as sum of the 
constitutive atomic or group volumes Vc, (2) the volume of the cavity or 
void in the molecules due to imperfect atomic packing, Vcav, (3) the 
volume change due to hydration or solvation, AVsoi 
u°--V, I-V,„H AV,„| 1.7 
Where the constitutive, Vc^ v involves not only the incompressible 
cavity formed on the closest packing of atoms but also the compressible 
void space generated on the random close packing of atoms or groups. 
AVsoi consists of three types of contributing effects (1) electrostatic 
solvation of ionic groups, (2) hydrophobic hydration, and (3) the 
hydration of polar groups. Each of them contributes negatively to AVsoi 
(Gekko et al., 1979). Therefore the AVsoi makes a negative contribution to 
v° but the term Vcav, contributes positively and thus both terms tend to 
cancel out almost completely. Thus, this makes it possible to calculate the 
partial specific volume, v° of a protein as the sum of constitutive atomic 
or group volumes (Nomethy et al., 1962 and Zamiyatnin et al., 1972). 
The partial specific adiabatic compressibility of HSA was 
calculated from the following equation: 
Ps = (Po/t^°)l im,_o(P/Po-Vo)/C 1.8 
Where v° is the partial specific volume of solute, fi and % are the 
coefficients of the adiabatic compressibility of the solution and solvent 
respectively, Vo is the apparent volume fraction of the solvent in solution, 
and C is the concentration of the solute. 
The differential of equation (1.7) with pressure, P, under the 
adiabatic conditions yields the equation for \]^: 
|3s = -(l / u ° ) ( 5 u 7 5P) 
6 
= -( l /D°)(6V,/6P+6V,, , /6P + 8Vsoi/ 5P) 1.9 
The first term on the right hand side of the equation (1.9) would be 
negligibly small since V^  may be regarded as the sum of the Vander 
WaaPs volumes of the constitutive atoms. Thus, the experimentally 
determined Ps of a protein would be mainly due to contributions of cavity 
and hydration (Gekko et al.. 1979). 
Ps=--( l/u'^)(6V,,,/5P + 6V,oi/5P) 1.10 
EXPERIMENTAL 
Material and Sample Preparation 
Crystallized human serum albumin. 96-99% Sigma, USA (A 1653-
IG) was used for sample preparation. 0.0 IM aqueous solutions of both 
monobasic and dibasic sodium phosphate (I'rom E.Merck) were mixed in 
different proportions to prepare phosphate buffer of pH 7.0. The pH was 
measured by digital pH meter (Elico. Pvt. Ltd, Hyderabad, Model T-10). 
Two sets of solutions of human serum albumin were prepared. For 
the first set, the phosphate buffer of pH 7.0 was used as solvent for 
preparing five solutions of human serum albumin of concentration 
ranging from (1-10) X 10"' g.mf'. For the second set five solutions of 
human serum albumin were prepared as in first set but 0.05M D(+) 
trehalose (Central Drug House (P) Ltd. Bombay) was used in each 
solution. The protein concentration was confirmed by using Bradford 
method. 
The resulting solutions were: 
(i) Human serum albumin in 0.01 M phosphate buffer, pH 
7.0. 
(ii) Human serum albumin in 0.0IM phosphate buffer, pH 
7.0 containing 0.05M trehalose. 
Temperature Control 
For the measurement of density and viscosity, a thermo stated 
paraffin bath was used to maintain unilbrmity in the temperature during 
the measurement. The paraffin bath of about 5 liters of capacity consisted 
of an emersion heater (1 kW), an electric stirrer (Remi. Co.), a check 
thermometer of least count 0.1 °C. a control thermometer [TGL 4850 
NAV = 0.03A, Un = 250V (GDR)] and a relay |.lumo, NT 10.0, 220V = 
6A (W.Germany)] to control the variation in temperature. The thermal 
stability was found to be within ±0.1 "C. 
The thermostat water bath was used to measure the ultrasonic 
velocity and conductance of samples in the temperature range 30 - 60°C. 
Water from an ultra thermostat was allowed to circulate through the 
insulated double walled jacket of the cell filled with sample. The thermal 
variation was found to be ±0.1 °C. 
Density measurements 
A pyknometer consisting of a small bulb with flat bottom (~4 ml 
capacity) and graduated stem was used for density measurement. Each 
mark on the stem of the pyknometer was calibrated by first weighing the 
empty pyknometer, and then it was filled with double distilled water and 
again weighed. The mass of the distilled water was determined by the 
difference in these two masses. Then, the p}knonieler was immersed in 
the paraffin bath maintained at the required temperature, and the volume 
changes were recorded as a function of temperature, and thus each mark 
of the stem was calibrated. The density of pure water at these 
temperatures corresponding to each mark uas obtained from a standard 
relation: 
o - 1.000525 - 2X10'-t - 4.72X10"V 
Where t is the temperature in °C. From the known values of mass 
and density of water, the volume corresponding to each mark of the 
pyknometer was calibrated. 
Calibration was checked for reproducibility, and the same process 
was repeated with different volumes of water. Using the known values of 
mass and volumes, the density at the required temperature were 
determined. The experimentally observed values were compared with the 
reported values. It was found that the accuracy of the density 
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measurement was within ±0.0004%. The densities of the lest solutions 
were determined by using the calibrated pyknomclcr which was weighed, 
and then immersed in the thermostat bath. The temperature at each mark 
of the stem of pyknometer was recorded by increasing the temperature of 
the bath. The densities were measured at the required temperature, by 
recording the changes in volume as a function of temperature. 
Ultrasonic velocity measurements 
The ultrasonic velocity of liquids was measured by ultrasonic 
interferometer. It is a simple and direct device to determine the ultrasonic 
velocity of the liquids. The multiple frequency ultrasonic interferometer 
(M - 82 by Mittals and Co.) was used for the measurement of the 
ultrasonic velocity of the test solutions of the protein in the temperature 
range (30 - 60°C). 
The working principle is based on the accurate measurement of 
wavelength, X, of the medium. The ultrasonic waves of known frequency, 
I), are produced by a quartz plate fixed at the bottom of the cell filled with 
test solution and are reflected by a moveable metallic plate, kept parallel 
to the quartz plate. If the separation between these two plates is exactly a 
whole number multiple of sound wavelength, standing waves are 
produced in the medium, fhis acoustic resonance give rise to an electrical 
relation on the generator driving the quartz crystal and the anode current 
of the generator becomes maximum. 
If the distance between the plates is increased or decreased and the 
separation is exactly one half of the wavelength or the multiple of it, 
again the anode current of the generator becomes maximum. Knowing 
the values of wavelength, the ultrasonic velocity can be obtained from the 
equation: 
u =" u X X, 
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The ultrasonic interferometer consists of the following two parts: 
(i) The high frequency generator 
(ii) The measuring cell 
(i) The high frequency generator: It is designed to excite the quartz 
crystal at the bottom of the measuring cell at its resonance 
frequency to generate ultrasonic waves in the liquid filled in the 
measuring cell. A micrometer to observe the change in the current 
and two controls, one for the purpose of sensitivity regulation and 
other for the initial adjustment of micrometer are provided on the 
panel of the high frequency generator, 
(ii) Measuring cell: It is a specially designed double walled cell for 
maintaining a constant temperature of the liquid during the 
experiment. A line micrometer screw has been provided at the top, 
which can lower or raise the reflector plate in the liquid inside the 
cell through a known distance. It has a quartz crystal fixed at the 
bottom. 
Adjustment of Ultrasonic Interferometer 
The instrument was adjusted in the following manner; 
1. The cell was inserted in the square base socket and clamped to it 
with the help of screw provided on one of its sides. 
2. The curled cap of the cell was unscrewed and removed from the 
cell, then experimental liquid was flllcd in to the middle portion of 
it and curled cap screwed in it. 
3. Water was circulated through the two tubes in the double walled 
cell in order to maintain the desired temperature. 
4. The cell was connected with a high frequency generator by a co-
axial cable provided with the instrument. 
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5. The generator was given 10-15 seconds warming up time before 
recording readings. 
6. The sudden rise or fall in temperature of the circulated liquid was 
avoided to prevent thermal shock to the quartz crystal. 
The two knobs are provided on the high frequency generator, one is 
marked with "Adj" and the other with "Gain". The knob marked with 
'Adj' was used to adjust the position of the needle on the ammeter and 
the knob marked with 'Gain' was used to increase the sensitivity of the 
instrument for greater deflection. The micrometer was used to record the 
maximum deflections by adjusting the micrometer screw. 
Measurements 
The measuring cell was connected to the output terminal of the 
high frequency generator by a shielded co axial cable. The cell was filled 
with the experimental liquid before switching on the generator. The 
ultrasonic waves of 2 MHz frequency prodticed by a gold plated quartz 
crystal fixed at the bottom of the cell were passed through the medium 
which get reflected back from the moveable plate and then secondary 
waves were produced in the liquid present between the reflector plate and 
quartz crystal. The micrometer screw was slowly raised to record the 
maximum anode current. The wavelength was determined by recording 
the total distance moved by the micrometer for twenty maxima of anode 
current. The distance 'd' traveled by the micrometer gives the values of 
wavelength with the help of following relation: 
The accuracy in ultrasonic velocity measurement was found to be within 
±0.02% 
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Precautions 
(i) The generator should be switched on only after filling the cell 
with the experimental liquid, 
(ii) The sudden rise or fall in the temperature of circulated liquid 
should be avoided to prevent thermal shock to the quartz 
crystal, 
(iii) The generator should be given 15 seconds warming up time 
before recording the recordings, 
(iv) The experimental liquid must be removed out of the cell, 
(v) The micrometer must be kept open for 25 min after use. 
(vi) While cleaning the cell, care must be taken not to spoil or 
scratch the gold plating on the quartz crystal. 
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RESULT 
The density and the ultrasonic velocity data for HSA in 0.01 M 
phosphate buffer (pH 7.0) studied as a function of protein concentration 
and in the presence of stabiHzer trehalose have been least-square fitted in 
the temperature range (30-60"C) to a polyiu)niial equation of the form 
p - a + bt I" ct - 1.1 
Where p is the density at temperature t in "C. while a, b and c are 
the constants. These results are listed in fables l(a and b). The density 
values have been found to decrease with an increase in temperature and 
concentration of the solute. Measured values of ultrasonic velocity as 
function of temperature as well as concentration of HSA are listed in 
Tables l.l(a and b). The ultrasonic velocities for different systems are 
plotted against protein concentration at various temperatures (Figs 1.1a 
and b) for HSA-buffer and HSA-trehalose-buffer systems respectively. 
Figs 1.2 (a and b) show the ultrasonic velocities for different systems 
plotted against temperature at various concentrations of proteins. Figs 1.1 
( a and b) shows that the ultrasonic velocil\ for both protein-buffer and 
protein-trehalose-buffer systems was not effected significantly by change 
in protein concentration, however the data in Figs 1.2(a and b) shows that 
a rise in temperature results in increase in ultrasonic velocity for the 
protein-buffer system. The addition of the stabilizer, trehalose leads to 
further rise in ultrasonic velocity as a function of temperature. 
The ultrasonic velocity, u, and density of the solution, p, have used 
to calculate the values of adiabatic compressibility of the solution, and 
those of the solvent (3 as given in Tables 1.3 (a and b) for HSA-buffer and 
HSA-trehalose-buffer systems respective!}', using the following Laplace 
equation (P= 1/pu )^. 
It can be observed from Fig 1.3(a) that the HSA-buffer system 
showed a gradual increase in adiabatic compressibility. However, the 
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Table 1(a): Least square fit parameters of the density equation, p = a + bt 
+ cf as function of concentration of MSA in phosphate buffer pH 7.0 
system. 
Concentration 
of 
HSA (ixioVmr') 
0.0 
1.0 
2.5 
5.0 
7.5 
10.0 
a 
(g.cm"') 
1.0033 
(10'g.cm"-'.C"') 
-0.1523 
1.0041 
.0042 
-6.2285 
0.9982 
.0021 
1.002' 
•1.3717 
.2480 
-67.2943 
-78.5438 
•2\ (\0°g.cm\C') 
-4.6676 
-4.2152 
-3.8524 
-6.6080 
-4.2037 
-4.1529 
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Table 1(b): Least square fit parameters of the density equation, p = a + bt 
+ ct^  as function of concentration of HSA-trehaiose in phosphate buffer 
pH 7.0 system. 
Concentration 
of 
HSA 
(IXlO^'g.mr') 
a 
(g.cm'-') 
1.0041 0.0 
LO 1.0085 
2.5 1.0014 
1.0063 5.0 
7.5 1.0012 
0.9970 10.0 
b 
(10'g.cm-\C-') 
c 
(lO '^g.cm-^C"^) 
-5.2477X10'' -4.8936 
-42.0673 -4.1742 
2.4616 -7.4624 
4.8739X10"-' -4.5513 
3.4862 -8.9156 
4.7813 -0.1058 
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Table 1.1(a): Experimental Ultrasonic Velocities, (ms'') as functions of 
concentration of HSA and temperature, ibr HSA in phosphate buffer pH 
7.0 system. 
Temp 
(K) 
Conce 
i.O 
1514.04 
'ntration of I-
2.5 
1514.28 
1SA(lX10''g.ml"') 
0.0 5.0 7.5 10.0 
303.15 1513.32 1514.52 1514.04 1514.56 
306.15 1519.04 1520.68 1516.16 1519.44 1514.36 1516.84 
309.15 1524.4 1525.08 1525.08 1524.24 1518.84 1520.28 
312.15 1530.28 1529.16 1527.84 
1532.68 
1537.56 
1541.72 
1527.76 1526.76 1528.68 
315.15 1534.16 1533.24 1532.88 1531.76 1532.48 
318.15 1538.12 1537.32 
1542.28 
1536.88 1534.76 1536.72 
321.15 1542.88 1540.52 1539.60 1538.20 
324.15 1545.00 1545.44 1544.20 1543.92 1543.08 1541.92 
327.15 1547.84 1548.36 1546.60 
1550.00 
1547.96 1545.96 1546.96 
330.15 1549.64 1550.68 1548.36 1549.76 1549.52 
333.15 1552.68 1552.52 1552.56 1551.04 1550.48 1551.72 
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Table 1.1(b): Experimental Ullrasonie Veloeities, (ms"') as funetions of 
concentration of HSA and temperature, for HSA-trehaiose in phosphate 
buffer pH 7.0 system. 
Temp 
(K) 
303.15 
306.15 
309.15 
312.15 
315.15 
318.15 
321.15 
324.15 
327.15 
330.15 
333.15 
Concentration o f l ISA (1X10'g.ml"') 
0.0 
1516.84 
1522.60 
1528.96 
1534.28 
1538.80 
1542.60 
1546.84 
1550.56 
1552.72 
1554.20 
1555.76 
1.0 
1517.16 
1523.48 
1530.84 
1534.44 
537.88 
542.60 
1545.64 
548.44 
551.80 
0553.28 
1556.04 
2.5 
1514.92 
.^20.64 
5.0 
1515.40 
1527.68 
531.08 
1535.40 
1541.31 
1544.48 
1547.76 
1551.92 
1553.32 
1556.52 
1520.92 
1525.28 
1529.88 
1534.44 
1540.68 
1546.20 
1547.48 
549.49 
1553.80 
1557.32 
7.5 
1520.32 
1522.72 1523.08 
10.0 
1518.76 
1528.00 1528.08 
1533.68 
1538.1 
1541.16 
1545.84 
1548.44 
1552.6 
1555.40 
1556,56 
1533.44 
1537.92 
1542.80 
1546.28 
1550.84 
1553.32 
1555.24 
1557.32 
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Fig 1.1(a): The plot showing the effect of varying concentrations on the 
Ultrasound velocity, u, of HSA in sodium phosphate buffer at pH 7.0 at 
different temperature ranging from 303.15 to 330.15K. 
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Ultrasound velocity, u, of HSA-trehalose in sodium phosphate buffer at 
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Fig 1.2(a): The plots of Ultrasonic velocity, u, vs. temperature of HSA in 
sodium phosphate buffer at pH 7.0 at varying concentration of HSA 
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Fig 1.2(b): The plots of Ultrasonic velocity, u, vs. temperature of HSA-
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Table 1.2(a): Apparent volume fraction of solvent in solution, VQ, as 
functions of concentration of HSA and temperature, for HSA in 
phosphate buffer pH 7.0 system. 
Temp 
(K) 
Concentration of H S A (1X10" g.ml'') 
1.0 2.5 
0.9967 
0.9966 
5.0 7.5 10.0 
303.15 0.9999 0.9964 0.9959 0.9951 
306.15 0.9998 0.9963 0.9960 0.9952 
309.15 0.9998 0.9966 0.9963 0.9960 0.9953 
312.15 0.9997 0.9965 0.9963 0.9961 0.9954 
315.15 0.9996 0.9965 0.9963 0.9962 0.9954 
318.15 0.9996 0.9965 0.9962 0.9962 0.9955 
321.15 0.9995 0.9964 0.9962 0.9963 0.9956 
324.15 0.9994 0.9964 0.9962 0.9964 0.9957 
327.15 0.9994 0.9963 0.996! 0.9972 0.9958 
330.15 0.9993 0.9963 0.9961 0.9965 0.9958 
333.15 0.9992 0.9963 0.9961 0.9966 0.9959 
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Table 1.2(b): Apparent volume fraction of solvent in solution, V ,^ as 
functions of concentration of HSA and temperature, for HSA-trehalose in 
phosphate buffer pH 7.0 system. 
Temp 
(K) 
303.15 
306.15 
309.15 
312.15 
315.15 
318.15 
321.15 
324.15 
327.15 
330.15 
333.15 
1.0023 
2.5 
.001 
.0031 
.0030 
1.0043 
.0042 
.0042 
1.0041 
.0041 
i.0040 
.0040 
1.0040 
1.0019 
1.0018 
.0031 
.0030 
.0030 
.0029 
.0029 
:.0028 
.0028 
.0028 
5,0 
1.0010 
1.0017 
1.0016 
1.0028 
1.0028 
1,0027 
.0026 
1.0025 
1.0025 
,0024 
.0023 
(lX10''g,mr') 
7.5 10,0 
1.0025 1.0009 
1,0031 1.0015 
1,0030 1.0013 
1,0041 1.0023 
1,0040 1.0020 
1,0039 1.0018 
1.0037 1.0016 
1.0036 1.0014 
1.0034 1.0011 
1.0021 1.0009 
1.0021 1.0006 
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Table 1.3(a): Adiabatic Compressibility (10"p cm^.dyn"') as functions of 
concentration of HSA and temperature, for HSA in phosphate buffer pH 
7.0 system. 
Temp 
(K) 
Concentration of HSA (1X10" g .ml-') 
0.0 1.0 2.5 
4.3710 
5.0 7.5 10.0 
303.15 4.363! 4.3588 4.3697 4.3849 4.3728 
306.15 4.3369 4.3277 4.3668 
4.3226 
4.3482 4.3778 4.3659 
309.15 4.3129 4.3095 4.3275 4.3583 4.3524 
312.15 4.2864 4.2933 4.3137 
4.2865 
4.3142 4.3195 4.3109 
315.15 4.2712 4.2773 4.2921 4.2976 4.2957 
318.15 4.2557 4.2614 4.2726 4.2764 4.2870 4.2782 
321.15 4.2359 4.2408 4.2562 
4.2492 
4.2628 4.2663 4.2761 
324.15 4.2307 4.2302 4.2388 4.2533 4.2616 
327.15 4.2217 4.2209 4.2427 4.2350 4.2437 4.2422 
330.15 4.2183 4.2151 4.2307 4.2394 4.2291 4.2321 
333.15 4.2082 4.2118 4.2234 4.2313 4.3213 4.2263 
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Table l,3(b): Adiabalic Comprcssibilily (10"f3 cnr.dyn"') as lunctions of 
concentration of HSA and temperature, for HSA-trehalose in phosphate 
buffer pH 7.0 system. 
Temp 
(K) 
303.15 
306.15 
309.15 
312.15 
315.15 
318.15 
321.15 
324.15 
327.15 
330.15 
333.15 
Concentration ofliSA (IXIO"* g.ml'') 
0.0 
4.3469 
4.3194 
4.2889 
4.2645 
4.2448 
4.2292 
4.2113 
4.1963 
4.1899 
4.1872 
4.1841 
1.0 
4.3254 
4.2951 
4.2594 
4.2449 
4.2365 
2.5 
4.3428 
4.3157 
4.2815 
4.2680 
4.2495 
5.0 
4.3396 
4.3138 
4.2948 
4.2747 
4.2549 
4.2110 4.222-1 
4.1999 
4.1901 
4.1774 
4.1748 
4.1655 
4.211 
4.2261 
4.2015 
4.1993 
4.181! 
4.1790 4.1771 
4.1893 
4.2038 
4.167: 4.1638 
7.5 
4.3041 
4.2134 
4.2727 
4.2469 
4.2283 
4.2175 
4.1978 
4.1895 
4.1721 
4.1637 
4.1633 
10.0 
4.3185 
4.2970 
4.2786 
4.2550 
4.2365 
4.2160 
4.2033 
4.1848 
4.1777 
4.1736 
4.1686 
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Fig 1.3(a): The plots of Adiabatic compressibility, p, vs. concentration, C 
of HSA in sodium phosphate buffer pH 7.0 at different temperature 
ranging from 303.15 to 330.15K. 
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Fig 1.3(b): The plots of Adiabatic compressibility, p, vs. concentration, C 
of HSA-trehalose in sodium phosphate buffer pH 7.0 at different 
temperature ranging from 303.15 to 330.15K. 
28 
4.40 
4.38-
>^ 4.36 -I 
•q 
CM 
^ 4.32 -
>^ 4.30 -
i 3 
w 4.28-
w 0) 
1 _ 
Q. 4.26-
b 
8 4.24-
o 
.^^  
m i ^ 4.22-
ro 
T3 
< 4.20-
300 306 310 315 320 325 330 
Temperature (K) 
335 
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addition of trehalose in the protein solution results in a decline in the 
adiabatic compressibility. A sharp minima was observed at the HSA 
concentration of 7.5X10'^'g-mP' and the decrease was very pronounced at 
306.15K. Fig 1.4 (a and b) shows that adiabatic compressibility decreases 
with increase in temperature for both HSA-buffer and HSA-trehalose-
buffer systems. On comparison, it is observed that at the characteristic 
HSA concentration of 7.5X10"'g.mr', the addition of trehalose shifts the 
minima from 321.15K for HSA-buffer to 306.15K for HSA-trehalose-
buffer system. 
Comparative plots of HSA-bulTer and HSA-trehalose-buffer 
systems for adiabatic compressibility have been drawn in Figs 1.5(a-e) 
for each concentration of HSA. At the different protein concentration 
studied, it was observed that presence of trehalose in the solution of 
protein decreases the adiabatic compressibility. At the characteristic HSA 
concentration of 7.5X10"~'g.mf', the sharp minima is clearly visible at 
306.15K and 321.15K for HSA-trehalose-buffer and HSA-buffer 
respectively (Fig 1.5 d) 
The value of the compressibility lowering. Ap, calculated from 
equation 1.3 varies with concentration as well as temperature as given in 
Tables 1.4 (a and b) for HSA-buffer and HSA-trehalose-buffer systems 
respectively. The variation of Af3 with concentration and temperature are 
shown in Fig 1.6 (a and b) for HSA-buffer and HSA-trehalose-buffer 
systems respectively. The plot of Af3 for HSA-buffer with var\'ing HSA 
concentration at different temperatures shows two maximas. one at 
2.5X10"'g.ml"' HSA concentration and the other at 7.5X10"'g.mr'. In 
contrast for the HSA-trehalose-buffer system a clear minima was 
observed at 7.5X1 C'^g.mr' HSA concentration (Fig 1.6 b). 
The values of relative change in adiabatic compressibility, Ap/Po, 
obtained from equation 1.4 have been reported in Tables 1.5 (a and b) for 
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Table 1.4(a): Compressibility lowering (10'"'Ap em'.dyn"'), as functions 
of concentration of HSA and temperature, for HSA in phosphate buffer 
pH 7.0 system. 
Temp 
(K) 
Concentration of HSA (1X10'' g.ml"') 
1.0 2.5 5.0 
0.66 
7.5 10.0 
303.15 -0.43 0.78 
2.99 
2.18 0.97 
306.15 -0.92 1.13 4.09 2.90 
309.15 -0,34 0.96 1.45 4.54 3.94 
312.15 -0.70 2.73 2.78 3.31 2.45 
315.15 0.61 1.53 2.09 2.64 2.45 
318.15 0.57 1.69 2.07 3.14 2.26 
321.15 0.48 2.03 2.69 3.04 4.02 
324.15 -0.06 1.85 0.81 2.26 3.09 
327.15 -0.07 2.10 1.34 2.20 2.05 
330.15 -0.32 1.24 2.11 1.08 1.38 
333.15 0.36 1.52 2.31 2.31 1.80 
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Table 1.4(b): Compressibility lowering {10''AP cnr.dyn"'), as functions 
of concentration of HSA and temperature, for HSA-trehalose in 
phosphate buffer pH 7.0 system. 
Temp 
(K) 
303.15 
306.15 
309.15 
312.15 
315.15 
318.15 
321.15 
324.15 
327.15 
330.15 
333.15 
1.0 
-2.14 
-2.42 
-2.95 
1.96 
-0.82 
-0.62 
.25 
1.24 
-1.86 
2.5 
-0.40 
-0.37 
-0.73 
-0.35 
0.48 
-0.67 
-0.01 
0.29 
-0.88 
-0.82 
-1.68 
5.0 
-0.73 
-0.56 
0.59 
1.02 
1.01 
-0.3 
-0.97 
-0.70 
1.38 
-1.01 
-2.02 
^ IXlO ' (g .mr ' ) 
7.5 10.0 
-4.28 
-10.60 
-2.03 
-2.24 
-1.62 -1.03 
-1.76 -0.95 
-1.65 -0.82 
-1.17 -1.31 
0.14 -0.80 
-0.68 -0.11 
-1.70 -1.23 
-2.35 -1.36 
-2.08 -1.54 
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HSA-buffer and HSA-trehalose-buffer systems respectively. The plots of 
relative change in compressibility (Ap/ %) as a function of concentration 
(Figs 1.7 a and b) shows a zig-zag pattern in case of HSA in buffer alone, 
however the addition of trehalose to the protein solution decreases the 
value of Ap/Po to fall below zero for most of the samples studied. 
However the plots show a clear minima at 7.5X10"''g.mr' HSA 
concentration for all the temperatures studied. The minima was more 
pronounced at 306.15K temperature. 
However, the relative change in compressibility versus 
concentration plots shows a sharp maxima at 2.5X10" g.ml" HSA 
concentration for all the temperature studied (Fig 1.7 a). On addition of 
trehalose to the protein solution the pattern of the plots was changed and 
the maxima was lost. Finally it is observed that the relative change in 
compressibility as function of concentration showed a steady increase 
with increasing protein concentration (Fig 1.7 b). 
The values of partial specific volume, u°, (Figs 1.9 a and b) of 
HSA-buffer and HSA-trehalose-buffer systems were determined by the 
linear extrapolation of the apparent specific volume, (1 - Vo)/C (Figs 1.8 a 
and b) to infinite dilution of protein (i.e. zero concentration of HSA) 
obtained from equation 1.5. The apparent volume fraction of solvent in 
solution, Vo of HSA-buffer and HSA-trehalose-buffer systems are listed 
in Tables 1.2 (a and b) respectively. The apparent specific volume (1-
Vo)/C and the partial specific volume of HSA-buffer and HSA-trehalose-
buffer systems are listed in Tables 1.6 (a and b) respectively. On 
analyzing the data the difference between Li° of native and thermally 
denatured HSA is -5.18114 ml.g"' and the value obtained after both 
thermal denaturation and chemical (0.05M trehalose) stabilization of the 
protein was found to be +13.86739 ml.g''. As observed from Fig 1.9(a) 
during thermal denaturation, the partial specific volume shows a linear 
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Table 1.5(a): Relative change in compressibility (10 Ap/|3o), as functions 
of concentration of HSA and temperature, for HSA in phosphate buffer 
pH 7.0 system. 
Temp 
(K) 
Concentration of HSA (IX lO^g.ml"') 
1.0 2.5 5.0 7.5 10.0 
303.15 -0.98 0.78 1.51 4.99 2.21 
306.15 -2.12 6.90 2.60 9.44 6.69 
309.15 -0.79 2.23 3.36 10.52 9.14 
312.15 1.63 6.37 6.49 7.73 5.72 
315.15 1.43 3.58 4.88 6.18 5.73 
318.15 1.34 3.98 4.85 7.37 5.28 
321.15 1.14 4.80 6.34 7.18 9.48 
324.15 -0.13 4.36 1.91 5.34 7.30 
327.15 -0.16 4.98 3.16 5.21 4.86 
330.15 -0.77 2.94 5.00 2.55 3.28 
333.15 0.84 3.60 5.49 5.49 4.28 
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Table 1.5(b): Relative change in compressibility (10^Ap/(3o), as functions 
of concentration of HSA and temperature, for HSA-trehalose in 
phosphate buffer pH 7.0 system. 
Temp 
(K) 
Concentration of HSA (1X10^ g.ml"') 
1.0 2.5 5.0 7.5 10.0 
303.15 -4.92 -0.93 -1.68 -9.84 -6.51 
306.15 -5.61 -0.84 -1.30 -24.25 -5.10 
309.15 -6.86 -1.70 1.38 -3.78 -2.39 
312.15 -4.59 0.83 2.38 -4.11 -2.22 
315.15 -1.94 1.12 2.38 -3.88 -1.94 
318.15 -4.30 -1.58 -0.72 -2.76 -3.11 
321.15 -2.71 -0.03 -2.31 0.34 -1.90 
324.15 -1.48 0.69 -1.67 -1.62 -2.75 
327.15 -2.99 -2.10 3.30 -4.06 -2.93 
330.15 -2.95 -1.96 -2.40 -5.62 -3.26 
333.15 -4.44 -4.02 -4.84 -4.97 -3.69 
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temperature ranging from 303.15 to 330.15K. 
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rise with increases in temperature wiiiie for protein subjected to thermal 
denaturation in presence of the stabilizer, trehalose, the partial specific 
volume decreases up to 315.15K showing a minima at 315.15K and then 
again rises (Fig 1.9 b). Thus, as can be concluded from Fig 1.9(c), the 
addition of trehalose (a stabilizing agent) drastically lowers the partial 
specific volume of the protein, with a sharp minima at 315.15K. 
The partial specific adiabatic compressibility, Ps, was determined 
by the linear extrapolation of (p/Po - VQ) (Figs 1.10 a and b). The plot for 
HSA in buffer shows a minima at 2.5X10"*g.mr' and the values lie above 
zero. However, the presence of trehalose greatly reduces the values to 
below zero and the minima was observed at 7.5X10"'g.mr HSA 
concentration at 306.15K temperature, values of Ps obtained from 
equation 3.8 are listed in Tables 1.7 (a and b). The partial specific 
adiabatic compressibility as shown in Figs 1.11(a) during thermal 
denaturation of HSA increases upto 312.15K and later decreases in the 
range 324.15-330.15K to rise again at 333.15K. However, for HSA-
trehalose-buffer system the Ps shows a minima at 309.15Kand then two 
peaks at 315.15K and 324.15K as shown in Fig 1.11(b). On comparison 
(Fig 1.11 c) it can be observed that the presence of stabilizer, trehalose 
during thermal denaturation results in lowering of partial specific 
adiabatic compressibility to below zero due to compactness of protein 
molecule. 
The change in partial specific volume, Av°, and partial specific 
adiabatic compressibility, APs, for HSA-trehalose in buffer and HSA in 
buffer are shown in Figs (1.12 and 1.13) respectively, Table 3.8. It can be 
seen that on addition of trehalose the pattern for the plots of the change in 
partial specific adiabatic compressibility for HSA-buffer as function of 
temperature gets modified from zig-zag form to showing a characteristic 
minima at 315.15K. 
46 
Table 1.6(a): (i) (l-Vo)/C, and (ii) Partial Specific Volume, v° (ml.g') as 
functions of concentration of HSA and temperature, for HSA in 
phosphate buffer pH 7.0 system. 
Temp 
(K) 
Concentration of HSA (1X10^ g.mP') 
Partial 
Specific 
Volume 
v° 
(ml.g-') 1.0 2.5 5.0 7.5 10.0 
303.15 0.70 13.16 7.20 5.38 4.84 6.6759 
306.15 1.30 13.32 7.24 5.29 4.77 7.1457 
309.15 2.00 13.48 7.30 5.21 4.68 7.6860 
312.15 2.70 13.64 7.36 5.13 4.60 8.2235 
315.15 3.30 13.80 7.40 5.04 4.52 8.6961 
318.15 4.00 13.96 7.46 4.96 4.44 9.0668 
321.15 4.70 14.12 7.52 4.86 4.36 9.7715 
324.15 5.40 14.28 7.56 4.78 4.28 10.3047 
327.15 6.00 14.44 7.62 3.69 4.20 10.8060 
330.15 6.70 14.60 7.68 4.60 4.12 11.3195 
333.15 7.40 14.76 7.74 4.52 4.04 11.8570 
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Table 1.6(b): (i) (l-Vo)/C, and (ii) Partial Specific Volume, u° (ml.g"') as 
functions of concentration of HSA and temperature, for HSA-trehalose in 
phosphate buffer pH 7.0 system. 
Temp 
(K) 
Concentration of HSA (I X10''g.mr') 
Partial 
Specific 
Volume u" 
(ml.g-') 1.0 2.5 5.0 7.5 10.0 
303.15 -23.50 -4.60 -2.02 -3.33 -0.94 -16.5709 
306.15 -31.34 -7.72 -3.54 -4.25 -1.54 -22.9840 
309.15 -30.90 -7.56 -3.38 -4.08 -1.30 -22.6385 
312.15 -43.00 -12.40 -5.74 -5.56 -2.32 -32.4678 
315.15 -42.60 -12.24 -5.60 -5.38 -2.09 -83.6239 
318.15 -42.20 -12.08 -5.44 -5.20 -1.86 -31.8370 
321.15 -41.80 -11.92 -5.30 -5.01 -1.63 -31.6155 
324.15 -41.30 -11.72 -5.14 -4.84 -1.40 -31.2487 
327.15 -40.90 -11.56 -5.00 -4.65 -1.16 -30.9689 
330.15 -40.50 -11.40 -4.86 -2.90 -0.93 -30.7244 
333.15 -40.10 -11.24 -4.70 -2.80 -0.69 -30.4382 
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Fig 1.9(a): The plot of Partial specific volume, v °, of HSA vs. 
temperature in sodium phosphate buffer pH 7.0. 
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Fig 1.9(b): The plot of Partial Specific Volume, v°, of HSA-trehalose vs. 
temperature in sodium phosphate buffer pH 7.0. 
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Table 1.7(a): (i) (p/po-Vo)/C, and (ii) Partial Specific Adiabatic 
Compressibility (lO" (3s cm^.dyn'") as functions of concentration and 
temperature of HSA in phosphate buffer pH 7.0 system. 
Temp 
(K) 
Concentration of H S A (IXlO^g.ml"') 
Partial 
Specific 
Adiabatic 
Comp. 6s 
(10"cm^dyn•') 1.0 2.5 5.0 7.5 10.0 
303.15 -9.1553 20.4025 10.2253 12.0486 7.0631 3.9279 
306.15 -19.9133 40.8973 12.4510 17.8676 11.4568 6.0337 
309.15 -5.8833 22.4762 14.0703 19.2487 13.8385 5.7347 
312.15 16.3674 39.1159 20.3312 15.4294 10.3157 29.4260 
315.15 17.5817 28.1285 17.1864 13.2812 10.2560 24.4527 
318.15 17.3938 29.8445 17.1881 14.7664 9.7270 25.2395 
321.15 16.2677 33.2894 20.2209 14.4356 13.8503 25.7169 
324.15 4.2181 31.7119 11.3891 11.9092 11.5837 16.3970 
327.15 4.1050 34.3372 13.9207 10.6415 9.0558 18.7820 
330.15 -0.8859 26.3582 17.6840 8.0137 7.3914 13.3779 
333.15 15.9547 29.2079 18.7185 11.8390 8.3411 24.8462 
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Table 1.7(b): (i) (p/po-Vo)/C, and (ii) Partial Specific Adiabatic 
Compressibility (lO" PsCmldyn"') as functions of concentration of HSA 
and temperature, for HSA-trehalose in phosphate buffer pH 7.0 system. 
Temp 
(K) 
Concentration of HSA (1X10^ g.mr') 
Partial 
Specific 
Adiabatic 
Comp. ps 
(10"cm\dyn-') 1.0 2.5 5.0 7.5 10.0 
303.15 -72.97605 -8.3728 -5.3787 -16.4615 -7.4734 -47.1423 
306.15 -87.6578 -11.1464 -6.1329 -36.9739 -6.7259 -57.2552 
309.15 -99.6822 -14.4615 -0.6284 -9.1162 -3.7015 -66.4060 
312.15 -88.9608 -9.1171 -0.9563 -11.2608 -4.5477 -57.1845 
315.15 -62.1533 -7.8110 -0.8412 -10.5695 -4.0453 -40.3596 
318.15 -85.2341 -9.0534 -6.69060 -8.8886 -4.9811 -56.1302 
321.15 -68.8700 -12.1099 -9.9541 -9.2875 -3.5296 -48.6173 
324.15 -56.0749 -8.8603 -8.4763 -7.0006 -4.1405 -38.8770 
327.15 -70.7336 -19.6115 1.6350 -10.0632 -4.0718 -50.5217 
330.15 -70.1141 -19.2334 -9.6842 -10.3898 -4.1780 -52.4170 
333.15 -84.5540 -27.3964 -14.4034 -9.4283 -10.6045 -64.3398 
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Fig 1.10(a): The plot of (p/Po - Vo)/C vs. concentration, C of HSA in 
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Fig 1.10(b): The plot of (p/Po - Vo)/C vs. concentration, C, of HSA-
trehalose in sodium phosphate buffer pH 7.0 at different temperature 
ranging from 303.15 to 330.15K. 
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Fig 1.11(a): The plot of Partial Specific Adiabatic compressibility Ps, of 
HSA vs. temperature in sodium phosphate buffer at pH 7.0. 
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Fig 1.11(b): The plot of Partial Specific Adiabatic compressibility Ps» of 
HSA-trehalose vs. temperature in sodium phosphate buffer at pH 7.0. 
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Tablel.8: Change in Partial Specific Volume, Av° (ml.g"') and partial 
specific adiabatic compressibility, APs (cm^.dyn'') as a function of 
temperature of HSA-trehalose and HSA in phosphate buffer pH 7.0 
systems. 
Temp 
(K) 
Change in Partial 
Specific Volume, AV° 
(ml.g'') on stabilization 
Change in Partial 
Specific Adiabatic 
compressibility, Af3s 
(cm^.dyn"') on stabilization 
303.15 -23.2468 -51.07031 
306.15 -30.1298 -63.2889 
309.15 -30.3245 -72.1408 
312.15 -40.6913 -86.6105 
315.15 -92.3200 -64.8124 
318.15 -40.9039 -81.3698 
321.15 -41.3870 -74.3343 
324.15 -41.5534 -55.2740 
327.15 -41.7749 -69.3037 
330.15 -42.0439 -65.7949 
333.15 -42.2953 -89.1860 
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DISCUSSION 
The partial specific volume and adiabatic compressibilities of a 
protein are important physical properties, which are particularly sensitive 
to the hydration properties of solvent exposed atomic groups as well as 
the structure, dynamics and conformational characteristics of the solvent-
inaccessible protein interior. Since adiabatic compressibility of a protein 
involves contributions from surface hydration and imperfect atomic 
packing in the internal cavity. It is a sensitive parameter to assess 
characteristic structures of the native protein and its conformational 
flexibility during processes like denaturation/stabilization and on 
interaction with various ligands. 
The role of hydration and intrinsic flexibility (globular nature) of 
HSA during thermal denaturation and chemical stabilization can be 
estimated in a better way if the contributions from hydration water are 
well understood. 
The hydrophobic groups of a protein determine its compressibility. 
The more hydrophobic the protein is the more compressible it is. These 
hydrophobic groups of the protein are assumed to be surrounded by 
voluminous ice like water structures. The transfer of these groups in to 
the aqueous solvent results in two types of volume effects (i) expansion 
occurs due to formation of ice like structures near the hydrophobic 
groups, and (ii) shrinkage occurs when the hydrophobic groups move into 
the empty spaces of the water structure. Thus interaction between protein 
and water determines the compressibility of the protein in solution 
(Barbosa et al., 2003). 
Our data shows that a rise in protein concentration in the presence 
of trehalose, results in a gradual increase in ultrasonic velocity and a 
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decline in adiabatic compressibility (P) with a sharp minima at a specific 
protein concentration due to increasing interactions (electrostatic, 
hydrophobic and hydrogen bonding) between the protein molecules in the 
presence of sugar (Figs 1.1a and b and Figs 1.3 a and b). 
While on increasing the temperature, the ultrasonic velocity 
increases, while a decrease was observed in the p values. This may be due 
to rupture of the solvent molecules, resulting in greater interaction 
between molecules of the solution (Uedaira et al., 1979). As observed 
from Figs 1.4(a and b) and Fig 1.5(d), the adiabatic compressibility of the 
HSA-buffer as well as HSA-trehalose-buffer shows a sharp minima at 
321.15K and 306.15K respectively, at specific protein concentration of 
7.5X10''^g.ml''. This shift in the temperature of minimum compressibility 
indicate that the addition of stabilizer increases protein compactness and 
prevent denaturation even at lower temperatures. 
The compressibility lowering (AP) denotes the compressibility of 
the solute molecule itself In similarity to P the addition of trehalose 
enhances interactions (hydrophobic, electrostatic and hydrogen bond) 
between the protein molecule as indicated by the minima at the HSA 
concentration 7.5X10'''g.mr', as compared to irregular pattern of the 
HSA-buffer system (Fig 1.6 a and b). 
Another parameter analyzed during the study was relative lowering 
in compressibility (Ap/Po) as function of protein concentration. The plots 
show that for HSA-buffer system the intercept values fall in three ranges. 
The tlrst where intercept values are above zero indicative of the strong 
interactions between protein molecules itself and with the solvent, second 
where intercept is equal to zero indicating weak interactions and lastly 
where the intercept lies below zero and more than -1 also indicative of 
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strong interactions between protein molecules itself and with the solvent 
(Fig 1.7 a). While on addition of trehalose the intercept at all 
temperatures studied was found to be below -2 confirming strong 
interactions between protein and its cosolvent (Fig 1.7 b). It may be stated 
that the Ap/Po was found to be more dependent on the nature of stabilizer 
than that of the protein itself (as reported by our team, Badar, A., 2009), 
while previous literature reports that overall protein stability would 
depend on the fine balance between favorable and unfavorable 
interactions of the native and denatured states with the stabilizer 
(Timasheff, 1998). 
The minima obtained at 7.5X10'''g.ml'' concentration of protein 
with stabilizer indicates minimal conformation flexibility of the protein, 
and thus a state of maximum compactness due to loss of internal cavities 
in the protein molecule. As a result, the system approaches a solid state. 
Partial specific volume (D°) of a protein in water is expressed as the 
sum of three contributions. First, the constitutive volume estimated as the 
sum of the constitutive atomic or group volumes. Second the volume of 
the cavity or void in the molecule due to imperfect atomic packing (Vcav) 
and third the volume change due to solvation and hydration (Vhyd). The 
constitutive volume remains same for a given system and variations can 
be observed in Vcav and V|,yd(Gekko et al., 1979). 
In the present investigation the partial specific volume increases 
with temperature and decreases on addition of trehalose as seen in Figs 
1.9 (a-c). On addition of trehalose to HSA-buffer system negative values 
of partial specific volumes are obtained. A minima was observed at 
315.15K of temperature in the v° values for HSA-trehalosc-bulTer 
system. This was due to increased compactness of the protein molecule. 
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with minimum conformational flexibility on stabilization by trehalose. At 
this minima, maximum compactness is achieved in the protein molecule. 
The negative value of partial specific volume on addition of trehalose is 
due to AVsoi, which consists of three types of contributing effect (i) 
electrostatic solvation of ionic groups, (ii) hydrophobic hydration of polar 
groups, (iii) hydrogen-bonded hydration around the polar groups. Each of 
them produces a negative volume change, and the resulting negative 
AVsoi tends overcome the cavity effect, AVcav (Gekko et al., 1986). 
The partial specific adiabatic compressibility, % of HSA as shown 
in Fig 1.11(a) and data shown in Table 1.7(a) was studied for temperature 
range 303.15 K to 333.15 K were found to be positive while negative 
values with zig-zag pattern were obtained on addition of trehalose to 
HSA-buffer system as shown in Fig 1.11(b) and data reported in Table 
1.7(b).The compressibility is a bulk thermodynamic property, which 
depends on the structural characteristics of the individual proteins 
(Wright et al., 1969). 
The positive (is value for HSA-buffer could be ascribed to a larger 
cavity effect overcoming the hydration effect. Negative (3s values for 
HSA-trehalose-buffer are observed due to increased hydration shell (Fig 
1.11 b). The twenty constituent amino acids show negative 
compressibility due to hydration, whereas proteins exhibit compressibility 
owing to their internal behavior (Yayanos et al., 1972). 
It has been observed that after the addition of trehalose to the 
protein solutions there is a decrease in the values of partial specific 
volume as well as compressibility of the solutions. This may be attributed 
to the fact that trehalose increases the hydrophobic, electrostatic and 
hydrogen bonding interactions giving rise to the compact structure of 
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protein. In absence of sugar, the extremes temperature causes 
denaturation of protein and the random coils are formed. Due to random 
coiHng of protein, the values of partial specific volume as well as 
compressibility are increased. Therefore, decrease observed in the 
compressibility of the solution and the partial specific volume of protein 
after the addition of trehalose, indicates that the extent of denaturation of 
protein was reduced and stabilization has taken place. 
Proteins are stabilized by a combination of hydrogen-bonding, 
electrostatic and hydrophobic interactions, hi aqueous solutions of protein 
there was a cooperative hydrogen-bonded structure in which water 
competes as both donor and acceptor with the backbone and side chain 
groups of the protein. When sugar was added to the protein solutions, the 
OH groups of sugars may also compete for hydrogen-bonding (Back et 
al., 1979). Now we need to consider the respective interactions between 
protein, water and additive (trehalose) molecules. The additives 
interacting more strongly with protein than with water will tend to 
stabilize the denatured states by the formation of protein-additive 
complexes. Thus having stabilizing effect on the protein. However, 
additives interacting more strongly with water molecules than with 
protein will favour the stabilization of protein molecules (Monsan et al., 
1988; Branca et al., 2005 and Jain et al., 2009). In the present work of 
study, the sugar trehalose interacts more strongly with water molecules as 
compared to water-water interactions by forming hydrogen bonds with 
water molecules. This will favour an increase in the degree of 
organization of water molecules by the formation of clusters (as in ice) 
and will thus limit the unfolding of the protein (Monsan et al., 1988). This 
was supported by the view that the addition of sugars results in higher 
resistance of proteins to denaturation by an increase contribution of water 
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extrusion entropy change. Trehalose has been classified as a water-
structure maker that is the interaction between trehalose-water is much 
stronger than water-water interaction and this maybe involved in its 
bioprotective action (Branca et al., 2005). 
The aqueous solutions of sugars have lower dielectric constant than 
pure water indicating that the electrostatic interactions are stronger in 
these solutions than in pure water as reported in the literature (Akerlof, 
1932). The above mentioned interactions between sugar and water 
molecules create a polar environment near the protein due to which the 
hydrophobic interactions increase. These hydrophobic interactions are 
generally considered to be the significant factor in stabilizing the three-
dimensional structure of proteins (Back et al., 1979 and Fersht, 1977). In 
aqueous-organic mixed solvents, hydrophobic interactions depend on the 
solvent structure with maximum hydrophobic interactions occurring in 
those solvents mixtures in which three-dimentional structure of water is 
most developed or the degree of water molecules organization is 
increased (Monsan et al., 1988 and Oakenfull et al., 1979). The evidence 
for the same fact was derived by Tait et al., from both spectroscopy and 
thermodynamic studies (Tait et al., 1972). The protective action of sugars 
on protein can be attributed to the fact that sugar may replace a certain 
number of water molecules that are hydrogen-bonded to the structure in a 
way similar to water itself This would result in a solvent system where 
the already exposed side chains attached with non polar groups in the 
native protein molecules would have a tendency to enter into the interior 
of the protein due to the polar environment produced by sugar molecules. 
This phenomenon would be responsible for higher stability of the protein 
molecule in these solvents and would reduce the extent of denaturation of 
protein molecules induced thermally. Thus this theory supports the data 
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of our present study, where a decrease was observed in the values ofu° 
and Ps for the HSA-trehalose-buffer system in comparison to those of 
HSA-buffer system. Finally we can say that the addition of trehalose to 
the solution restricts protein denaturation or in other words, chemical 
stabilization of HSA takes place in the presence of 0.05 M trehalose. 
Trehalose favors an increase in protein stability by strengthing of 
hydrophobic interactions produced by polar environment generated by the 
trehalose molecule, as mentioned previously by maltose molecules 
(Warisetal., 2001). 
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CHAPTER II 
STUDIES ON THE CONDUCTIVITY AND 
WALDEN PRODUCT MEASUREMENTS OF 
HUMAN SERUM ALBUMIN-BUFFER AND 
HUMAN SERUM ALBUMIN-TREHALOSE-
BUFFER SYSTEMS, DURING STABILIZATION 
OF PROTEIN ATpH 7.0 
INTRODUCTION 
After many years, of research on electrical conductance studies of 
aqueous solutions of strong and weak electrolytes, the focus of 
conductivity measurements has shifted to various other mixed-solvent 
systems. These studies started mainly in the 1950's, peaked in the late 
1960's, and continue to be of interest even today. Extensive experimental 
and theoretical studies were devoted to the water-organic solvent and 
binary organic solvents media. The studies yielded important information 
about ion-ion and ion-solvent interactions under varied conditions. These 
investigations were closely related to the classical Bjerrum concept of ion 
association and development of conductivity equations for symmetrical 
1:1 electrolytes. Formally, the mathematical problem A = A(c;A*',KA,a) 
expressed in terms of different modifications of the Fuoss-Onsager, Pitts, 
Fernandez-Prini, Justice, or other conductivity equations, involved 
determination of conductance A as function of concentration c (Apelblat, 
2008) from the experimental data,. 
Since the limiting conductances A" and viscosities r\, to various 
extents, reflect the size of ions in solution, a natural interpretation of 
conductivities has been formulated in terms of the Walden and Stokes 
laws as applied to mixed solvents with and without water (Kay, 1991; 
Smedley, 1980; Kay, 1973; Padova, 1972; Kay et al., 1968 and Fuoss, 
1959). 
Since 1906 when Paul Walden observed that the product of the 
molar conductance at infinite dilution A°(T) and viscosity of pure water 
ri(T) was nearly independent of temperature, A°(T)ri(T) = constant, the so 
called Walden rule or Walden product has considerable practical 
importance (Walden, 1906). The Walden product is used to obtain the 
limiting conductances because the viscosities of water or other solvents as 
76 
a function of temperature are supposed to be easier to measure than the 
corresponding A°(T) values. 
HSA is an important protein of human body and trehalose is a well 
known stabilizer, therefore our study has focused on these molecules. 
HSA is highly water soluble plasma protein. It is the smallest and most 
abundant protein in the blood plasma. HSA is a single stranded 
polypeptide whose amino acid sequence is well known (Dayhoff, 1972). 
Its ionizable groups include 116 acidic groups (98 carboxyl and 18 
phenolic-OH) and 100 basic groups (60 amino, 16 imidazoyl, 24 
guanidyl). The absolute molecular weight of 66436 Da was calculated 
from number of constituent amino acid residues present and their molar 
masses (Bordbar et al., 2004). 
There have been lots of studies on the effects of sugars on the 
stability of globular proteins to elucidate the nature of interaction that 
stabilize the native conformation of proteins. 
Trehalose is a naturally occurring, glass forming disaccharide, 
exploited by nature for millennia across a range of desiccation - resistant 
organism (Crowe et al., 1984 and Elbein, 1974). 
Furthermore, the use of trehalose is widespread in nature as a 
protector against frost, being able to preserve living species from the 
damages caused by freezing (Green et al., 1989). Uptill now many studies 
have focused on remarkable and sometimes unique (Colaco et al., 1992) 
effectiveness of trehalose in stabilizing biomolecules, cells and tissues 
during air - drying and freeze - drying. Although other disaccharides 
such as maltose and sucrose have shown similar properties (Angell, 1995; 
Fox, 1995; Leslie et al., 1995; Donnamaria et al., 1994; Green et al., 1989 
and Chan et al.. 1986), it clearly appears that trehalose is the most 
effective stabilizer (Crowe et al., 1983). The abili^jrof-trehalose to 
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preserve the structure and function of biomolecules in aqueous glassy 
matrices is well known (Honadel et al., 1998 and Crowe et al., 1985). 
Green and Angell (Angell, 1995 and Green et al., 1989) has 
suggested that the greater effectiveness of trehalose in respect to the other 
disaccharide was related to its high glass transition temperature (Tg). 
The extraordinary properties of trehalose make it an attractive 
target for industrial exploitation. It has been widely used as excipients in 
the pharmaceutical industry, as an ingredient in dried and processed food, 
as a non - toxic cryoprotectant of vaccines and organs for surgical 
transplant (Paiva et al., 1996), in medicines as well as a moisture retainer 
in cosmetics (Branca et al., 2001). 
More precisely trehalose is a disaccharide of glucose (a - D -
glucopyranosil a - D - glucopyranoside) constituted by two pyranose (six 
membered) rings in the same a configuration, linked by a glycosidic bond 
between the Chiral carbon atom of the two rings. 
Binding of the ligands to macromolecules were previously studied 
by different methods such as equilibrium dialysis (llousaindokht et al., 
2002 and Sabuory et al., 1996), dynamic dialysis (Ajloo et al., 2002 and 
Pedersen, 1978), electrochemical studies (Saboury, 2003 and Bathaie et 
al., 1999), calorimetry (Ochoa et al., 1993) and spectrophotometry 
(Branca, 1999). 
Sugars have been found to be effective stabilizer of proteins when 
added at high concentrations, for they raise the midpoint of heat-induced 
and chemically-induced denaturations (Anjum et al., 2000; Taneja et al., 
1994 and Xieetal., 1997). 
Proteins are stabilized generally by a combination of hydrogen 
bonding, electrostatic and hydrophobic interactions, with additional 
contributions in some proteins from cross-linking, metal complexing and 
specific binding of ions and cofactors (Taravati et al., 2007). For a long 
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period various studies have been made on improving protein stability and 
it has been established that protein stabiUty is a balance between 
intramolecular interaction of protein functional groups and their 
interaction with solvent environment (Zou et al., 2002; Timasheff, 1993 
and Yancey et al., 1980). 
No systematic investigations are available till date on concerning 
the relationship between the molecular conformation of sugars and their 
effect on the stability of globular proteins by conductance measurements. 
In this work an attempt was made to explain the relationship by studying 
effect of trehalose on thermal denaturation of HSA using electrical 
conductance technique. 
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THEORY 
Electrolytic Conduction 
It is well known that flow of electricity through solutions of 
electrolytes is due to the migration of ions when potential difference is 
applied between two electrodes. The cations which are positively charged 
moves towards the negatively charged electrode, known as cathode while 
the anions which are negatively charged moves towards the positively 
charged electrode, called the anode. The ease with which the electricity 
flows through a solution is called the conductance (A) of the solution. It 
is defined as the reciprocal of the resistance (R) of the solution, i.e., 
A = l / R 
It is expressed in the unit called reciprocal ohm (ohm"' or Q''). In 
SI system, the unit of conductance is Siemens, S. 
Specific Conductance 
The resistance of any conductor varies directly with its length (1) 
and inversely with its cross-sectional area (a), i.e., R a 1 / a or R = p (1 / a) 
where p is a constant depending upon the nature of the material and is 
called the specific conductance of the material. If 1 = 1 cm and a = 1 cm , 
then p = R. Thus, specific resistance is defined as the resistance of a 
specimen 1 cm in length and 1 cm^ cross-section. In other words, it is the 
resistance of 1 cm^ of any material. 
The reciprocal of specific resistance, i.e., 1 / p is called specific 
conductance. This may be defined as the conductance of 1 cm'' of any 
material. It is generally denoted by K. Thus, 
K- 1 / p 
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= ( l / a ) ( l / R ) 
= (1 / a) (conductance) 
Since conductance is measured in Q.'\ length in cm and area in cm ,^ 
hence K = Q"'. cm/cm^ 
= Q"' cm"' 
Thus, the units of specific conductance are Q"' cm"'. In SI system, 
the units of specific conductance are Sm'' where S stands for Siemens. 
Molar Conductance 
The recent trend is to describe electrolytic conductance in terms of 
molar conductance which is defined as the conducting power of all the 
ions produced by one mole of the electrolyte in a given solution. It is 
denoted by An,. 
Molar conductance would evidently be related to specific 
conductance by the relation 
A„, = K / C 
Where C is the concentration of the solution in moles per cubic meter. 
Since units of K are Sm'' and those of C are mol m'^ Hence units of An, 
are S m mol" . 
Cell Constant 
The specific conductance is the conductance of 1 cm cube of the 
solution. Therefore, the conductance measured by using a conductivity 
cell will be the specific conductance only if the electrodes are 1 cm in 
area and 1 cm apart. This is not usually the case. The conductance 
obtained will, therefore, have to be multiplied by certain factor in order to 
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get the specific conductance. This factor is called cell constant. Since K = 
(1 / a) . conductance, hence the conductance measured in a cell has to be 
multiplied by a factor 1 / a in order to get the specific conductance. 
Evidently the factor I / a is cell constant, 1 is the distance in cm between 
the electrodes and a is the cross-sectional area of the electrodes in cm .^ 
Obviously, the unit of cell constant is cm"'. In SI system, the unit of 
cell constant is m"'. 
Minimum conductivity temperature (T^) 
A new parameter has been coined in the present study i.e. 
minimum conductivity temperature (Tmc) which is a reflection of the glass 
transition temperature (Tg). As per the study by Serine et al., 2004, using 
viscosity data of aromatic polyesters, an Arrhenius plot of log 
conductance versus 1 / T used to obtain the value of T„K for HSA-buffer 
and HSA-trehalose-buffer systems. 
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EXPERIMENTAL 
Material and Sample Preparation 
Same as given in Chapter I. 
Resistance measurement 
The measurement of resistance has been done by an instrument named 
'GR 1657 RLC Digibridge'. It is a simple device to determine the 
resistance in liquids with high degree of accuracy. The RLC Digibridge is 
a multifrequency 120 Hz/1 kHz instrument, but a single frequency of 1 
KHz was used for the measurement of resistance in the experimental 
range. 
The instrument was adjusted in the following ways: 
(1) Glass conductivity cells with platinized platinum electrodes were 
used for all measurements. The value of the cell constant is 0.9795 
cm''. 
(2) The cell was provided with extender co-axial cables with the 
instrument. 
(3) Before switching on the instrument fill the measuring cell with test 
solution and immerse in thermostatized bath maintained at required 
temperature. 
(4) Set the line voltage switch, connect the power cord and press 
power button, and allow 5 minutes for warm up for accuracy 
determination. 
(5) Set the pushbuttons of the instrument according to the desired 
measurement as follows: 
(A) For measuring the resistance press R button. 
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(B) For measuring 1 kHz push and release the frequency button 
until 1 kHz light comes on. 
(C) For parallel equivalent circuits push and release the 
parallel/series button until the parallel light comes on. 
(D) Depress the middle (range 2) button first and watch the adjust 
range light. If the right pointing arrow is lighted, depress range 
button at the right, if the left pointing arrow is lighted depress 
the range button at the left. When neither arrow is lighted the 
range we select is correct. 
(E) Read the measurement on the main display. The RLC display is 
the principal measurement complete with decimal point and 
units, which are indicated by the light. 
Once the resistance is known the conductance of the liquid can be 
calculated with the help of the relation: 
C = l / R 
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RESULT 
The conductance, specific conductance, molar conductance and 
Walden product of HSA and HSA-trehalose in 0.01 M phosphate buffer 
(pH 7.0) were studied as functions of protein concentration and 
temperature. 
Experimental values of conductance obtained for HSA-buffer and 
HSA-trehalose-buffer systems have been reported in Tables 2.1(a and b). 
The conductance values showed a linear increase with increase in protein 
concentration as observed in Fig 2.1(a). Similarly, conductance 
measurements carried out for HSA-trehalose-buffer system also showed a 
similar trend. Fig 2.1(b). Although protein samples containing trehalose 
had lower values for conductance as compared to those of HSA without 
any trehalose (Fig 2,1 b). 
Figs 2.2(a and b) show that conductance increases linearly with 
temperature for all concentrations of the protein in case of both HSA-
buffer and HSA-trehalose-buffer systems. 
It can be clearly observed in Fig 2,3(a and b) that specific 
conductance studied as function of protein concentration at different 
temperatures, showed a gradual increase with increasing protein 
concentration. The specific conductance data are reported in Tables 2.2(a 
and b). Specific conductance in similarity with conductance data also 
shows a linear increase with rise in temperature at different protein 
concentrations. Fig 2,4(a and b). 
Fig 2,5(a) shows the relative specific conductance for the protein in 
presence of trehalose. This relative conductivity means that the effects of 
other components due to temperature change are subtracted from the final 
solution conductivity to observe net changes of conductivity of protein 
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Table 2.1(a): Experimental Conductance, lO^A (S) measured as 
functions of concentration of HSA and temperature for HSA in phosphate 
buffer pH 7.0 system. 
Temp 
(K) 
Concentration of HSA (1XIO" g.ml"') 
0.0 1.0 2.5 5.0 7.5 10.0 
303.15 1.7742 1.8535 1.8226 1.8650 1.8773 1.8873 
306.15 1.8667 1.9649 1.9434 1.9702 1.9963 1.9978 
309.15 1.9802 2.0733 2.0544 2.0735 2.I07I 2.1102 
312.15 2.0753 2.1899 2.1609 2.1847 2.2241 2.2079 
315.15 2.1930 2.2972 2.2868 2.2993 2.3384 2.3426 
318.15 2.3155 2.4163 2.4218 2.4335 2.4699 2.4716 
321.15 2,5441 2.5534 2.5387 2.5472 2.5934 2.5713 
324.15 2.6671 2.6841 2.6597 2.6602 2.7256 2.7060 
327.15 2.7864 2.8013 2.7882 2.7903 2.8494 2.8523 
330.15 2.9091 2.9169 2.9084 2.9012 2.9768 2.9771 
333.15 3.0370 3.0429 3.0530 3.0812 3.1166 3.1126 
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Table 2.1(b): Experimental Conductance, 10"^ A (S) measured as 
functions of concentration of HSA and temperature for HSA-trehalose in 
piiosphate buffer pH 7.0 system. 
Temp 
(K) 
Concentration of H S A (1X10^ g.mP') 
0.0 1.0 2.5 5.0 7.5 10.0 
303.15 1.7379 1.7440 1.7470 1.7578 1.7590 1.7802 
306.15 1.8385 1.8396 1.8516 1.8605 1.8614 1.8931 
309.15 1.9408 1.9516 1.9572 1.9686 1.9742 1.9983 
312.15 2.0480 2.0780 2.0794 2.0842 2.0822 2.1074 
315.15 2.1560 2.1905 2.1900 2.2047 2.1947 2.2236 
318.15 2.2784 2.3025 2.3128 2.3140 2.3073 2.3457 
321.15 2.3849 2.4109 2.4270 2.4337 2.4248 2.4595 
324.15 2.5216 2.5398 2.5421 2.5484 2.5501 2.5811 
327.15 2.6340 2.6532 2.6632 2.6661 2.6616 2.6987 
330.15 2.7615 2.7857 2.7813 2.7955 2.7821 2.8109 
333.15 2.9197 2.9131 2.8961 2.9130 2.9081 2.9420 
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Table 2.2(a): Specific Conductance, K (Sm"') as functions of 
concentration of HSA and temperature for HSA in phosphate buffer pH 
7.0 system. 
Temp 
(K) 
Concentration of H S A (1X10" g.ml"') 
0.0 I.O 2.5 5.0 7.5 10.0 
303.15 0.1737 0.1815 0.1785 0,1826 0.1838 0.1840 
306.15 0.1828 0.1924 0.1903 0.1929 0.1955 0.1956 
309.15 0.1939 0.2030 0.2012 0.2030 0.2063 0.2066 
312.15 0.2032 0.2145 0.2116 0.2139 0.2178 0.2162 
315.15 0.2148 0.2250 0.2239 0.2252 0.2290 0.2294 
318.15 0.2268 0.2366 0.2372 0.2383 0.2419 0.2420 
321.15 0.2491 0.2501 0.2486 0.2494 0.2540 0.2518 
324.15 0.2612 0.2629 0.2605 0.2605 0.2669 0.2650 
327.15 0.2729 0.2743 0.2731 0.2733 0.2915 0.2793 
330.15 0.2849 0.2857 0.2848 0.2841 0.2915 0.2916 
333.15 0.2974 0.2980 0.2990 0.3018 0.3052 0.3048 
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Table 2.2(b): Specific Conductance, K (Sm'') as functions of 
concentration of HSA and temperature for HSA-trehalose in phospiiate 
buffer pH 7.0 system. 
Temp 
(K) 
Concentration of HSA (1X10''g.ml"') 
0.0 1.0 2.5 5.0 7.5 10.0 
303.15 0.1702 0.1708 0.1711 0.1721 0.1722 0.1743 
306.15 0.1800 0.1801 0.1813 0.1822 0.1823 0.1854 
309.15 0.1901 0.1911 0.1917 0.1928 0.1933 0.1957 
312.15 0.2006 0.2035 0.2036 0.2041 0.2039 0.2064 
315.15 0.2111 0.2145 0.2145 0.2159 0.2149 0.2178 
318.15 0.2231 0.2255 0.2265 0.2266 0.2260 0.2297 
321.15 0.2336 0.2361 0.2377 0.2383 0.2375 0.2409 
324.15 0.2469 0.2487 0.2489 0.2496 0.2497 0.2528 
327.15 0.2580 0.2598 0.2608 0.2614 0.2607 0.2643 
330.15 0.2704 0.2728 0.2724 0.2738 0.2725 0.2753 
333.15 0.2859 0.2853 0.2836 0.2853 0.2848 0.2881 
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due to presence of sugar. The plot shows the relative conductivity of HSA 
in presence of 0.05M trehalose as function of HSA concentration, showed 
a minima at 7.5X10'''g.mr' at various temperatures studied. This minima 
was more pronounced at the temperatures 315.15K and 318.15K (Fig 2.5 
b). These observations support our compressibility data. The values of 
relative specific conductance studied as a function of temperature at the 
various HSA concentration are reported in Tables 2.3(a). Fig 2.6 shows 
that the relative conductivity studied as function of temperature decreases 
with rise in temperature. 
Molar conductance plotted against protein concentration, is shown 
in Figs 2.7(a and b) and data reported in Tables 3.4(a and b). The plots 
show decrease in molar conductance with rise in protein concentration. 
Similar pattern was observed for both HSA-buffer and HSA-trehalose-
buffer systems in Fig 2.7(a and b). The plots of molar conductance vs. 
temperature as shown in Figs 2.8(a and b) were found to be linear. It was 
clearly visible that the molar conductance increases with increase in 
temperature for both systems studied. 
The values of relative molar conductance (A,,,,) have been reported 
in Tables 2.5. The plots of relative molar conductance as function of 
protein concentration show that A^r increases with rising protein 
concentration. All the plots converge at a single point which indicates the 
point of limiting conductance (i.e. -588.580 S.mlmof'), Fig 2.9. Whereas 
Anir studied as a function of temperature shows a decrease with rising 
temperature. A sharp decline in A^r values was observed at lower protein 
concentration (Fig 2.10). 
Walden product was plotted as function of temperature for HSA-buffer 
and HSA-trehalose-buffer systems in Figs 2.11(a and b) 
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Table 2.3: Relative specific conductance, Ky (Sm"') as functions of 
concentration of HSA and temperature. 
Kr = Kp+T+B ~ ^?+B - Ky+B ~ ^ B 
Temp 
(K) 
Concentration of HSA (1X10^ g.ml"') 
1.0 2.5 5.0 7.5 10.0 
303.15 -0.3546 -0.3513 -0.3554 -0.3555 -0.3536 
306.15 -0.3751 -0.3718 -0.3736 -0.3760 -0.3731 
309.15 -0.3959 -0.3935 -0.3942 -0.3970 -0.3999 
312.15 -0.4147 -0.4117 -0.4136 -0.4177 -0.4136 
315.15 -0.4364 -0.4354 -0.4352 -0.4400 -0.4376 
318.15 -0.46 II -0.4606 -0.4536 -0.4658 -0.4622 
321.15 -0.4966 -0.4946 -0.4938 -0.4992 -0.4936 
324.15 -0.5123 -0.5197 -0.5191 -0.5253 -0.5204 
327.15 -0.5454 -0.5431 -0.5430 -0.5492 -0.5459 
330.15 -0.5682 -0.5678 -0.5657 -0.5744 -0.5716 
333.15 -0.5961 -0.5987 -0.5998 -0.6038 -0.6000 
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Fig 2.5(a): The plot of Relative specific conductance, Kr (S.m') of HSA 
vs. concentration of HSA in presence of trehalose, at different 
temperature ranging from 303.15K to 330.15K. 
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concentration of HSA in sodium phosphate buffer pH 7.0 at 318.15K of 
temperature. 
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Table 2.4(a): Molar conductance, A,„ (Sm'^mol'') as functions of 
concentration of HSA and temperature for HSA in phosphate buffer pH 
7.0 system. 
Temp 
(K) 
Concentration of H S A (IXlO^g.ml"') 
1.0 2.5 5.0 7.5 10.0 
303.15 121.0333 48.2486 24.3560 16.4178 12.2706 
306.15 128.3066 51.4459 25.7306 17.4580 13.0453 
309.15 135.3800 54.3837 27.0786 18.4276 13.7793 
312.15 143.0000 57.2054 28.5320 19.4508 14.4173 
315.15 150.0066 60.5378 30.0280 20.4500 15.2966 
318.15 157.7800 64.1108 31.7813 21.6000 16.1393 
321.15 166.7333 67.2054 33.2653 22.6803 16.7900 
324.15 175.2666 70.4081 34.7453 23.8366 17.6700 
327.15 182.9200 73.8108 36.4400 24.9187 18.6253 
330.15 190.4733 76.9918 37.8893 26.0330 19.4400 
333.15 198.7000 80.8216 40.2400 27.2562 20.3246 
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Table 2.4(b): Molar conductance, A„, (Sm'mol"') as functions of 
concentration of HSA and temperature for HSA-trehalose in phosphate 
buffer pH 7.0 system. 
Temp 
(K) 
Concentration of H S A (1X10" g.mP') 
1.0 2.5 5.0 7.5 10.0 
303.15 113.8666 46.2459 22.9560 15.3830 11.6246 
306.15 120.1200 49.0162 24.2973 16.2785 12.3613 
309.15 127.4333 51.8108 25.7093 17.2651 13.0486 
312.15 135.6933 55.0459 27.2186 18.2098 13.7606 
315.15 143.0333 57.9756 28.7933 19.1937 14.5200 
318.15 150.3466 61.2243 30.2200 20.1785 15.3173 
321.15 157.4266 64.2486 31.7840 21.2053 16.0600 
324.15 165.8466 67.2945 33.2813 22.3017 16.8540 
327.15 173.2533 70.5027 34.8186 23.2767 17.6220 
330.15 181.9000 73.6270 36.5080 24.3303 18.3546 
333.15 190.2200 76.6675 38.0426 25.4321 19.2106 
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Fig 2.7(a): The plot of Molar conductance. Am (Sm^mol') vs. 
concentration C, of HSA in sodium phosphate buffer pH 7.0 at different 
temperature ranging from 303.15 to 330.15K. 
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temperature, of HSA in sodium phosphate buffer pH 7.0 at varying 
concentration of HSA (g.ml'^ ). 
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Tabic 2.5: Relative molar eonduetance, A,„r (Sm'^ mol"') as functions ol 
concentration of HSA and temperature. 
Amr - Ap+T+B " Ap+B - Ay+B " Ag 
Temp 
(K) 
Concentration of HSA (1X10^ g.mi"') 
1.0 2.5 5.0 7.5 10.0 
303.15 -236.40 -94.94 -47.38 -31.74 -23.57 
306.15 -250.06 -95.08 -49.81 -33.57 -24.87 
309.15 -263.93 -106.35 -52.56 -35.44 -26.32 
312.15 -276.46 -111.27 -55.14 -37.29 -27.57 
315.15 -290.93 -117.67 -58.02 -39.28 -29.17 
318.15 -307.40 -124.48 -60.48 -41.58 -30.81 
321.15 -331.06 -133.67 -65.84 -44.57 -32.90 
324.15 -341.53 -140.45 -69.21 -46.90 -34.69 
327.15 -363.60 -146.78 -72.40 -49.03 -36.36 
330.15 -378.80 -153.45 -75.42 -51.28 -38.70 
333.15 -397.40 -161.81 -79.97 -53.91 -40.00 
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I l l 
respectively and the values are reported in Tables 2.6(a and b). This data 
shows that the Walden product did not vary greatly with rise in 
temperature. 
We plotted an Arrhenius plot of log conductivity versus 1 / T at the 
protein concentration (where a sharp minima in conductance was 
achieved) i.e. 7.5X10' g.ml''. This plot was used to calculate the 
temperature of minimum conductance / pseudo glass temperature (Tmc) 
for HSA-trehalose-buffer system and it was found to be 317.04K (Fig 
2.12). 
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Table 2.6(a): Walden product, (ATJ) (S.m.kg.mor'.s"') as functions of 
concentration of HSA and temperature for HSA in piiosphate buffer pH 
7.0 system. 
Temp 
(K) 
Concentration of H S A (1X10"* g.mP') 
1.0 2.5 5.0 7.5 10.0 
303.15 0.1090 0.0467 0.0209 0.0153 0.0111 
306.15 0.1086 0.0466 0.0210 0.0152 0.0111 
309.15 0.1063 0.0469 0.0215 0.0152 0.0110 
312.15 0.1085 0.0473 0.0223 0.0156 0.0113 
315.15 0.1066 0.0468 0.0217 0.0150 0.0110 
318.15 0.1065 0.0480 0.0218 0.0151 0.0112 
321.15 0.1087 0.0471 0.0221 0.0150 0.0109 
324.15 0.1054 0.0462 0.0215 0.0150 0.0108 
327.15 0.1053 0.0460 0.0217 0.0146 0.0107 
330.15 0.1050 0.0464 0.0216 0.0147 0.0106 
333.15 0.1059 0.0458 0.0214 0.0145 0.0106 
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Table 2.6(b): Walden product, (Arj) (S.m.kg.mor'.s'') as functions of 
concentration of HSA and temperature for HSA-trehalose in phosphate 
buffer pH 7.0 system. 
Temp 
(K) 
1 
Concentration of HSA {1X10" g.ml"') 
1.0 2.5 5.0 7.5 10.0 
303.15 0.1 180 0.0452 0.0227 0.0162 0.0107 
306.15 0.1128 0.0449 0.0225 0.0158 0.0105 
309.15 0.1113 0.0446 0.0223 0.0161 0.0106 
312.15 0.1142 0.0458 0.0225 0.0158 0.0109 
315.15 0.1116 0.0447 0.0223 0.0154 0.0104 
318.15 0.1119 0.0448 0.0233 0.0152 0.0103 
321.15 0.1130 0.0453 0.0223 0.0154 0.0105 
324.15 0.1122 0.0452 0.0220 0.0151 0.0101 
327.15 0.1127 0.0443 0.0218 0.0149 0.0100 
330.15 0.1112 0.0442 0.0217 0.0150 0.0098 
333.15 0.1142 0.0443 0.0218 0.0151 0.0100 
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DISCUSSION 
Conductivity of solutions is a measure of ionic mobility, the lesser 
the mobility and greater the viscosity. In this case, it is expected that 
sugar molecules induce a cluster forming state that causes the HSA 
molecule to be captured in a cage of sugar (Lins et al., 2004). During this 
cage formation, some ions of the buffer and water are entrapped inside 
and that's why the conductivity of the protein solution decreases in the 
presence of sugar. Similar observations are reported in our data in Tables 
2.1 (a and b) and Figs 2.1 (a and b) where the experimental conductivity 
values were found to be lower for HSA-trehalose-buffer system as 
compared to HSA-buffer system. 
The temperature dependence of transport properties of a solute 
could be best described by the continuum friction model. According to 
which, the diffusion coefficient (D) of a spherical solute of hydrodynamic 
radius (r) in a solvent of viscosity, r|, was given by the Stokes-Einstein 
relation 
D = Kc' T / A r 11 
which could be related to the electrical conductance by the Walden 
equation to the molar conduction (Miller et al., 2000). This explains the 
linear increase in conductance as a function of temperature as observed in 
Figs 2.2(a and b). Since, increase in temperature would result in increase 
in average kinetic energy of the ions that carry electric current. 
Similarly specific conductance (K) was found to be increase with 
increase in protein concentration and also a linear increase was observed 
in K with rise in temperature for both systems as shown in Figs 2.3-2.4( a 
and b) and data reported in Tables 2.2 (a and b). 
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Relative specific conductance has been studied as function of 
temperature and concentration of protein in sodium phosphate buffer 
system at pH 7.0, the values reported in Table 2.3, Fig 2.5(a). These 
relative specific conductance measurements depicted the specific 
conductance of the protein molecule itself When studied as a function of 
temperature it could be used to determine the state in which the HSA 
molecule existed, whether native or denatured show a minima at 7.5X10"'' 
g.mf' of HSA concentration (Fig 2.5 b). This minima observed at 
7.5X10''' g.mf' HSA concentration indicates increased rigidity of the 
protein molecule in presence of sugar (trehalose). Because the sugar is 
expected to stabilize HSA by changing the hydrogen network of water, 
which forms ice-like clusters around the protein thus suppressing its 
conformational flexibility as indicated by minimum values of relative 
specific conductance (Fig 2.5 a).The relative specific conductance for 
HSA in presence of trehalose was found to decrease with rise in 
temperature (Fig 2.6). Whereas the decrease in relative conductivity with 
rise in temperature was due to increase viscosity of the protein solution, 
due to which mobility of solute molecules was reduced, indicating 
stabilization of the protein in presence of sugar (Fig 2.6). 
Our data shows that molar conductance of HSA-trehalose-buffer 
system decreases with increasing protein concentration and approaches a 
limiting value and with rise in temperature it was found to increase 
linearly (Figs 2.7 and 2.8). Since, increasing protein concentration would 
contribute to increasing viscosity of the solution and thus mobility of ions 
would decrease. The pattern of the plots in Fig 2.7(a and b) indicates that 
the HSA-buffer and HSA-treiialose-buffer solutions follow the 
conductivity behavior of the weak electrolytes and obey Kohlaursch Law 
for electrolytes. While with increase in temperature the average kinetic 
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energy of ions that conduct electric current was increased, therefore the 
An, was increased (Fig 2.8 a and b). 
Fig 2.9 indicates increase in the relative molar conductance with 
increasing HSA concentration, in presence of trehalose and reaches a 
limiting value at 10.0X10"'g.mr'.This is because with rise in HSA 
concentration, the number of ions increases and therefore the conductance 
but after a specific concentration (7.5X10"''g.mr') it approaches a limiting 
value. The decrease in conduction with rise in temperature was due to 
absence of dissociated species and increased stabilization of protein in 
presence of sugar. Fig 2.10. 
Austin et al., 1975, gave an idea of interplay between protein 
dynamics and reactivity as function of temperature. The same fact is 
reflected in Fig 2.10. The value of molar conductance was found to be 
lowest at 333.15K at 1.0X10"' g.mf' HSA concentration, which is an 
indication of lowest mobility or appearance of solid phase or pseudo glass 
(Miller et al., 1999). 
As seen from Tables 2.1 (a and b) that the conductance of an 
electrolytic solution increases with increase in temperature. This is 
because the average kinetic energy of ions that carry electrical current 
increases as the temperature rises and with addition of trehalose the 
conductance decreases owing to the increase in viscosity. This is a 
consequence of the increase of the viscous friction, which can be 
described by Walden product (Ar)). The Walden product of protein 
solutions are reported in Tables 2.6(a and b). Fig 2.11 (a and b) shows that 
it was relatively insensitive to temperature, and showed only a slight 
decrease with rise in temperature (Miller et al., 2001). Any change in the 
value of Walden product of a protein involves contribution from both 
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viscosity and conductance. However, the contribution of viscosity 
parameter was more as compared to conductance. 
The Arrhenius plot of log A versus 1 / T (Fig 2.12) gave a value of 
317.04K as the Tmc temperature of HSA in presence of trehalose at 
7.5X10"'g.mr' HSA concentration. This is the concentration where the 
conductivity data showed a minima. Thus it can be expected that at this 
Tmc temperature the solution undergoes phase change, and may suggest 
the appearance of solid / pseudo glass phase. This phenomenon is a sign 
of localization of ions due to short range directional bonds that are 
directed due to network formation (similar to glass phase formation) 
among species (Busch, 2000). 
121 
REFERENCES 
1. Ajloo, D., Moosavi-Movahedi, A. A., Hakimelahi, G. H., 
Saboury, A. A., Gharibi, H. Colloids and Surfaces B: 
Biointerfaces (2002), 26, 185. 
2. Angell, C. A. Science {\99S), Idl, 1950. 
3. Anjum, F., Rishi, V., Ahmad, F. Biochimica et Biophysica Acta. 
(2000), 1476, 75-84. 
4. Apelblat, A. J. Phys. Chem. B. (2008). 112 (23), 7032-7044. 
5. Austin, R. H., Beeson, K. W. J. Biochemistry (1975), 14, 5355-
5373. 
6. Bathaie, S. Z., Moosavi-Movahedi. A. A., Saboury, A. A. Nucleic 
Acids Research (1999), 25, 1001. 
7. Bordbar, A. K., Sohrabi, N., Gharibi, H. Bull. Korean Chem. Sac. 
(2004), 25, 791-795. 
8. Branca, C, Magazu, S.. Maisano, G., Migliardo, P. J. Chem. 
Phys. (\999l 111,281-287. 
9. Branca, C, Magazu, S.. Maisano, G., Minco, P. G. Physica 
5'cn>/^(2001), 64, 390-397. 
10. Busch, R. J. Metallurgy Materials and Methods (2000), 52(7), 
39-42. 
11. Chan, R. K., Pathamanathan, K., .lohari, J. P. J. Phys. Chem. 
(1986), 90, 6358. 
12. Colaco, C, Sen, S.. Thangavelu. M.. Pinder, S., Roser, B. 
Biotechnology (\992l 10, 1007. 
13. Crowe, J. H., Crowe, L. M., .lackson, S. A. Arch. Biochem. 
Biophys. (\9S3), 220, 477. 
14. Crowe, J. H.. Crowe, L. M. "Biological Membranes", Academic 
Press, New York (19^4), 57. 
122 
15. Crowe. L. M.. Crowe, J. H., Rudolph, A., Womersly, C, Appel, 
L. Arch. Biochem. Biophys. (1985), 242, 240-240. 
16. DayhotY, M. O. National Biochemical Foundation: Washington, 
DC (1972). 
17. Donnamaria, M. C, Howard. H. I.. Grigera. .1. R. J. Cheni. Sac. 
(1994), 90, 2731. 
18. Elbein, A. D. Chem. Biochem. (1974). 30. 227. 
19. Fox, K. C. Science (1995), 267, 1992. 
20. Fuoss, R. M. Proc. Nat. Acad. Sci. (1959). 45, 807. 
21. Green, J. L, Angell. C. A, J. Fhys. Chem. {\9%9), 93, 2880. 
22. llousaindokhl. M. R., Bahrololooni. M., Tarighatpoor. S.. 
Moosavi-Movahedi. A. A. Acta. Biochimica. Polinica. (2002), 
49 (3). 703-707. 
23. Honadel, T. E., Killian, G. J. Ciyobiology (1998), 25, 331. 
24. Kay, R. L., Cunninghan, G. P., Fennel!, D. Hydrogen Bonded 
Solvent Systems (1968), 249-260. 
25. Kay, R. L. Water a Comprehensive Treatise, (1973), 3, 173-209. 
26. Kay, R. L. Pure Appl. Chem. (1991), 63, 1393. 
27. Leslie, S. B., Israeli, E., Lightart, B., Crowe, J. H., Crowe, L. M. 
Appl. Environ. Microbiol. (1995). 61, 3592. 
28. Lins, R. D., Pereira, C. S., Hunenberger, P. H. Proteins. (2004), 
55, 177-186. 
29. Miller, D. P., de Pablo, J. J. Corti, H. R. J. Phys. Chem. (1999), 
103, 10243-10249. 
30. Miller, D. P., de Pablo, J. J. J. Phys. Chem. B (2000), 104, 8876 . 
31. Miller, D. P., Conrad, P. B.. Fucito, S. J. Phys, Chem. (2001), 
104, 10419. 
32. Ochoa, D., Aspuru, E., Zaton, A. M. J. Biochemical, and 
Biophysical Methods {\993), 27, 87. 
123 
33. Padova, I. J. Modern Aspects of Electronic Chemistry {\972), 7, 
1-82. 
34. Paiva, C. L., Panck, A. D. Biotechnol. Annu. Rev. (1996), 2, 293. 
35. Pedersen, P. V. J. Pharmaceutical. Sci. (1978), 67, 908. 
36. Saboury, A. A. J. Chem. Thermodyn. (2003), 35, 1975. 
37. Saboury, A. A., Bordbar, A. K., Moosavi-Movahedi, A. A. Bull. 
Chem. Soc. Japan {\996\ 69. 3031. 
38. Serin, M., Sakar, D., Cankurtaran, O. Yilmaz, F. K. J. 
Optoelectro Adv. Materials (2004). 6, 283-288. 
39. Smedley, S. 1. The Interpretation of Ionic Conductivities in 
Liquids Plenum Press. New York (1980). 
40. Taneja, S., Ahmad, F. J. Biochem. (1994), 303, 147-153. 
41. Taravati, A., Shokrzadeh, M., Ebadi, A. G.. Valipour, P., Tabar 
Molla Hassan, A., Farrokhi, F. World Appl. Sci. J. (2007), 4, 353-
362. 
42. Timasheff, S. N. Annual Review of Biophysics and Biomolecular 
Structure (1993122,67-91. 
43. Walden, P. Z. Physik. Chem. (1906), 55, 207-246. 
44. Xie, G., Timasheff. S. N. Protein Science (1997), 6, 211 -221. 
45. Xie, G., Timasheff, S. N. Protein Science (1997), 6. 222-232. 
46. Yancey, P. H.. Somero. G. N. J. Exp Zool. (1980), 212, 205-213. 
47. Zou, Q., Bennion, B. J., Dagget, V., Murphy, K. P. J. Am. Chem. 
Soc. (2002), 124, 1192-1202. 
124 
CHAPTER III 
STUDY OF VISCOSITY, ITS RELATED 
PARAMETERS AND THERMODYNAMIC 
PROPETIES OF HUMAN SERUM ALBUMIN-
BUFFER AND HUMAN SERUM ALBUMIN-
TREHALOSE-BUFFER SYSTEMS DURING 
STABILIZA TION OF PROTEIN A TpH 7.0 
INTRODUCTION 
Viscometric methods provide information about dimension, 
hydration and shape of aggregate (Kharakoz et a!., 1993). Viscosity is one 
of the most important measures of the gross conformation of the 
aggregate and also it reflects the particle volume (Andrews et al., 2002). 
Viscometric properties (De Ruiz-Holgado et al., 2001) have been 
regarded as a sensitive tool for understanding interactions in solution. 
Viscosity and its derived parameters provide valuable information 
regarding the shapes and sizes of the molecules, whether compact, 
globular or rod like particles or flexible random coils. (Dasgupta et al., 
1989). In some recent publications (Srivaslava et al., 2010; Vasantharani 
et al., 2009; Thirumaran et al., 2009; Akhtar, 2007; AH et al., 2007; 
Riyazuddeen et al., 2006; Oswal et al., 2005; Waris et al., 2003 and 
Pandey et al., 2000) efforts have been made to determine the 
thermodynamic parameters of the different molecules by viscometric 
measurements. 
Whereas Palepu et al. (1985) and Corradini et al.. (1992) used 
viscometric data to determine the thermodynamic parameters for binary 
acid base mixtures and binary alcohol amide mixtures respectively. They 
have calculated the various thermodynamic parameters of activation for 
viscous flow by least square fitting of the density and viscosity data to 
empirical equations stating their dependence on temperature and 
composition of the mixture. These parameters suggest the type of 
interaction between the components of a mixture. 
The study of viscous behavior of macromolecules in solutions is 
important in understanding the mechanism of transport processes. .The 
sensitivity of viscosity to molecular structure makes it useful for 
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monitoring the processes that result in changes in the shapes and sizes of 
the molecules such as protein denaturation. intermolecular cross-linking, 
intercalation of the smaller molecules within the macromolecules etc 
(Warisetal., 2001). 
Further, thermodynamic and conformational stability studies of 
protein solution are of great importance for estimating and understanding 
the stabilization free-energy change of folded and unfolded proteins. The 
change in free-energy of stabilization is a balance between free energy of 
folded state and unfolded state (Taravati et al., 2007 and Pace, 1990). 
Several indirect methods have been employed to study the 
stabilization of proteins for instance, determination of amino acid 
sequence and its correlation with the structure (Anfinsen et al., 1975), the 
study of refolding using denaturants (Lapanje, 1978). the theoretical 
modeling using computer simulation (Levitt et al., 1975) and by 
thermodynamic analysis (Enea et al.. 1982 and Jolicoeur et al., 1978). 
The thermodynamic stability of the native structure of protein has 
proved to be one of the great challenges in biochemistry and still remains 
the subject of extensive investigations (Hc'doux et al., 2009; Richards, 
1991; Murphy et al., 1990 and Jia-tih et al.. 1990). Sugars are known to 
be good stabilizers of protein (Han et al.. 2007; Waris et al., 2001 and 
Back et al., 1979). It was observed that addition of sugars stabilizes the 
native tertiary structure, and limits the soKent penetration in the protein 
interior (He'doux et al., 2007). Among disaccharides, considerable 
attention has been focused on trehalose because of its exceptional ability 
to protect biological materials under extreme conditions (He'doux et al., 
2006; Cottone et al., 2005; Crowe et al.. 1996 and Fox, 1995) during 
stabilization. Several hypotheses have been proposed to explain the 
126 
efficiency of trehalose during stabilization. Some ol'them involve direct 
biomolecule-sugar-vvater interactions (water replacement model (Crowe 
et al, 2001 and Crowe et al., 2004), preferential hydration hypothesis 
(Timasheff, 2002)) or specific properties of sugar-water solutions such as 
the vitrification of solutions (Green et al.. 1989) or the influence of sugars 
on the water tetrahedral hydrogen bond network of water (Branca et al., 
1999). It stabilizes the partially unfolded state of the protein (rather than 
stabilizing the native structure) (Sola-Penna et al.. 1997). Trehalose is 
thought to replace the water shell around proteins/membranes and to 
preserve the three-dimensional structure of ihe biomolecule (Crowe et a!., 
1984). However, the molecular mechanisms by which trehalose stabilizes 
proteins remain poorly understood and are sill debated on the basis of the 
above mentioned hypotheses, probably because the mechanisms are 
strongly dependent on the nature of applied stresses. Because of the 
inherent properties of trehalose, namcl} prevention of starch retro 
gradation and .stabilization of proteins and lipids, it has proved quite 
useful in a number of industries including food processing, cosmetics, 
pharmaceutics, and so forth (Komes et al.. 2003 and Richards el al.. 
2003). 
Viscosity measurements are used to obtain information for 
conformational studies of protein molecules in solutions. It has been 
known that intrinsic viscosity depends on the molecular weight, volume, 
and shape of the macromolecules. Thus the intrinsic viscosity has been 
used as measure of hydrodynamic volume or shape. The changes of 
intrinsic viscosity have also been used as a measure of extent of 
denaturation of protein (Kim el al., 1997). 
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Human Serum Albumin (HSA), the most abundant protein in blood 
plasma, has been widely studied. It maintains blood pH (Figge et al., 
1991). Its native form was once thought to have a cigar-like shape but 
more recently has been described as heart-shaped(Carter et a!., 1994). 
Thus, in this chapter viscometric measurements were carried out on 
both systems HSA in phosphate bufier and HSA-trehalose in phosphate 
buffer, as a function of temperature and protein concentration. From these 
data, specific viscosity (ri^ p), enthalpy (AH), entropy (AS) and free energy 
(AG) were evaluated, and changes in these parameters indicate the 
stabilization and denaturation processes. The values of pseudo glass 
transition temperature or minimum conductivity temperature (T,nc) of 
both systems have been computed with the help of viscosity data. 
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THEORY 
The change in viscosity that results Irom the addition of a solute to 
a liquid is usually expressed is the specific viscosity rj^ p (John, 1993). 
lisp ( ) ( ) " ' •^ " ' 
n r| 
where r\ is the viscosity of solution and ri° is that of solvent. 
The risp depends on concentration, strength and nature of 
interactions between the solute and the solvent. 
The densities at the desired temperatures were calculated using the 
least squares fitted parameters from reported data in the density equation, 
p = a + bT + cT^ 
The change in free energy of activation of the viscous flow AG 
was calculated by using Eyring viscosity equation (Eyring et al., 1969). 
T]= e^^"" 3.2 
' Vm 
where h is the Plank's constant, N is the Avogadro's number, R is 
the universal gas constant, and T the absolute temperature. The term Vm 
is the molar volume of the mixtures. .,orived from the corresponding 
mixture densities, using the following relation: 
EiXiMi 
V,„ = i = l,2,3 3.3 
P 
The energies of activation for viscous flow, AG*, at the different 
temperatures used for the study was obtained by from the equation. 
AG* = AH^ ^ - TAS* 3.4 
129 
where AH* and AS* are the change in enthalpy and entropy of 
activation of viscous flow respectively. 
By combining equation 3.3 and 3.4 we get 
nVm 
AG* = RTln-' 
hN 
-= AH* - TAS* 
By plotting Rln (qV„/hN) vs. I / T we found that the plots show a 
linear trend. From these linear plots AH* values were obtained from the 
slopes, and AS* values from the intercepts. 
The values of AH* and AS* where computed in the equation 3.4, to 
evaluate the change in iree energy of activation AG* at different 
temperatures. 
As per study of Serin et al.. 2004, using organic compounds, an 
Arrhenius plot of log viscosity vs. I / T was used to obtained the value of 
Tnic for HSA-buffer and 1 ISA-trehalose-buffer systems. 
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EXPERIMENTAL 
Material and Sample Preparation 
Same as given in Chapter I. 
Viscosity Measurement 
The viscosity measurements were carried out using Cannon-
Ubbelohde viscometer. The viscometer contains three arms: receiving, 
measuring, and auxiliary arm forming the suspended level arrangement. 
All the three arms are parallel to each other. The receiving and the 
measuring arms form a U through a bulb D. The measuring arm has two 
bulbs A and B. The calibration marks on upper and lower side of the 
bulb, were used to record the time of fall of the solution. The auxiliary 
arm was sealed to the receiving arm through a bulb C. In between the 
bulbs B and C, there is a fme capillary of suitable dimensions. The 
viscometer has been designed in such a way that the center of gravity of 
the three bulbs A, B and C was aligned vertically. This reduces the 
acceleration due to gravity and thus minimizes experimental errors. The 
surface tension correction of the viscometer was negligible and the 
transport of momentum was carried out freely under the weight of the 
total volume of the test liquid. This was possible due to the unique feature 
of this type of viscometer where the capillary effect of the two liquid 
surfaces were neutralized b) each other. 
The viscometer was calibrated using double distilled water. This 
was achieved by filling the viscometer with certain volume double 
distilled water which was sufficient to prevent any air bubble from 
entering the capillary when the fudicial bulb D was filled. The viscometer 
was clamped in the vertical position in the thermostated paraffin bath for 
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about 20 minutes before recording the time of fall to avoid any errors due 
to thermal fluctuation in the viscometer. Then the sample was sucked into 
the bulb A where it was allowed to stand for sometime and later allowed 
to fall and the time of fall of the liquid through the bulb between the 
upper and lower marks was recorded. This process was repeated several 
times and the similar readings were taken at each required temperature. 
The time of fall was noted using a stop watch with an accuracy of ±0.1 
second. Poiseuille's equation 
^ = Xphgr^ t / 8LV = p (31 
was employed to calculate the viscosity by inputting the value of the 
density and time of fall of the solution. In the above equation, p is the 
density of the solution, h is the height of the column in the viscometer, g 
is the acceleration due to gravity, r is the radius of the capillary, L is the 
length and t is the time of tall of the test liquid of volume V. The terms 
associated with a given viscometer have been denoted by a single term p, 
which is constant for a particular viscometer. (3 was determined by using 
the reported value of viscosity of water at the different temperatures. The 
accuracy of the calibrated viscometer was checked by measuring the 
viscosity of water at the test temperatures and then comparing the same 
values with the reported values. The accuracy in the viscometer 
measurements was found to be ±0.2%. 
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RESULT 
The viscosity data for HSA in 0.01 M phosphate buffer (pH 7.0) 
was studied as a function of protein concentration in the presence of 
0.05M trehalose. The data obtained for both systems HSA-buffer and 
HSA-trehalose -bulTcr were least square fitted for the temperature range 
(30-60°C) to a polynomial equation of the form 
ri = ri° + iiit +ii2t^ 3.5 
where ri is the viscosity at temperature t in °C, while rjo, Hiand ri2 
are the constants. Ihese results are listed in Tables 3(a and b). 
Experimental viscosity values for both HSA-buffer and HSA-trehalose-
buffer systems are listed in Tables 3.1(a) and 3.1(b) respectively. The 
plots of viscosity against protein concentration as shown in Figs 3.1(a and 
b) and against temperature as shown in Figs 3.2(a and b), showed that the 
experimental viscosity values showed a decline with the rise in 
temperature. Flowever at a given temperature the viscosity values showed 
a rise upto 2.5X10"'g.mf' of protein concentration and later decreased at 
a higher protein concentration. However at 7.5X10"'g.mr' concentration 
of protein it increased again and then decrease later at I0.0XI0'''g.mF' 
(Fig 3.2 a). In the presence of trehalose, the maxima at 7.5X10"* g.mf' 
was more pronounced as compared to the other peak observed at 1.0X10''' 
g.mf' HSA concentration (Fig 3.2 b). This trend in the viscosity data was 
similar to that observed for ultrasonic velocity measurements as seen in 
Chapter 1. 
Specific viscosity, iisp, was calculated using equation 3.land its values are 
listed in Table 3.2(a and b). Fig 3.3(a) shows the plot of risp for HSA-
buffer as a function of protein concentration, it was observed from 
133 
Table 3(a): Least square lit parameters of the viscosity equation, r] = rjo + 
Tilt + ri2t^  of HSA in phosphate buffer pH 7.0 system determined as 
function of HSA concentration. 
Concentration 
of 
HSA 
(IXlO'g.mr') 
llo 111 rizXlO^ 
0.0 117.38 -0.96 1.35 
1.0 223.03 -1.23 1.75 
2.5 170.93 -0.89 1.20 
5.0 46.56 
188.13 
-0.13 0.047 
7.5 -1.00 1.37 
10.0 153.39 -0.79 1.04 
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Table 3(b): Least square fit parameters of the viscosity equation, r] = r|o + 
Tilt + ri2t^  of HSA-trehalose in phosphate buffer pH 7.0 system 
determined as function of HSA concentration. 
Concentration 
of HSA 
(IXlO'^g.mJ-') 
no 
345,64 
ni TljXlO^ 
0.0 -2.00 2.95 
1.0 351.88 -2.02 2.97 
2.5 218.73 -1.19 1.67 
5.0 252.91 -1.40 1.99 
7.5 331.00 -1.87 2.71 
10.0 205.50 -1.11 1.54 
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Table 3.1(a): Experimental values of viscosity (lO^ri kg.m''.s'') of HSA 
in phosphate buffer pH 7.0 system determined as function of temperature 
and HSA concentration. 
Temp 
(K) 
Concentration of H S A (1X10''g.ml"') 
0.0 1.0 2.5 5.0 7.5 10.0 
303.15 8.1437 9.0070 9.6976 8.6029 9.3528 9.0889 
306.15 7.6513 8.4670 9.0665 8.1940 8.7361 8.5834 
309.15 7.1898 7.8530 8.6384 7.9435 8.2703 8.0454 
312.15 6.9620 7.5929 8.2832 7.8353 8.0599 7.9066 
315.15 6.4241 7.1119 7.7457 7.2364 7.3472 7.2340 
318.15 6.2086 6.7504 7.4990 6.8761 6.9913 6.9880 
321.15 5.9357 6.5207 7.0105 6.6473 6.6173 6.5012 
324.15 5.5601 6.0169 6.5679 6.2129 6.3263 6.1419 
327.15 5.2689 5.7615 6.2388 5.9569 5.8806 5.7459 
330.15 5.0275 5.5170 6.0312 5.7121 5.6846 5.5029 
333.15 4.8768 5.3338 5.6687 5.3192 5.3231 5.2510 
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Tabic 3.1 (b): Experimental values of viseosity (lO'ii kg.m''.s'') HSA-
trehalose in phosphate bulTer pH 7.0 system determined as function of 
temperature and HSA concentration. 
Temp 
(K) 
Concentration of H S A (1X10"* g.ml"') 
0.0 1.0 2.5 5.0 7.5 10.0 
303.15 9.7720 10.3677 9.7856 9.9128 10.5611 9.2619 
306.15 8.7696 9.3945 9.1612 9.2695 9.7327 8.5269 
309.15 8.0822 8.7418 8.6175 8.6920 9.3596 8.1748 
312.15 7.8595 8.4203 8.3364 8.2948 8.7256 7.9607 
315.15 7.3013 7.8058 
7.4456 
7.7243 
7.3313 
7.7649 8.0292 7.1774 
318.15 7.0151 7.3310 7.5616 6.7746 
321.15 6.7872 6.1827 7.0613 7.0282 7.2903 6.5449 
324.15 6.3108 6.7675 6.7286 6.6165 6.8082 6.0398 
327.15 6.0944 6.5074 6.2873 6.2864 6.4049 5.6815 
330.15 5.8809 6.0076 6.0091 5.9688 6.1881 5.3666 
333.15 5.6282 6.0045 5.7866 5.7462 5.9644 5.2462 
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Fig 3.1(a): The plot showing the effect of varying concentrations on the 
Viscosity, r\, of HSA in sodium phosphate buffer at pH 7.0 at different 
temperature ranging from 303.15 to 330.15. 
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Fig 3.1(b): The plot showing the effect of varying concentrations on the 
Viscosity, T|, of HSA-trehalose in sodium phosphate buffer at pH 7.0 at 
different temperature ranging from 303.15 to 330.15K. 
139 
CO 
I 
E 
d> 
o 
10.0-
9.5-
9.0 
8.5-
8.0-
7.5-
7.0-
6.5-
CO 
I 6.0 H 
> 
5.5-
5.0-
4.5 300 
Concentration of 
HSA(1X10''g.mr') 
— I — 
305 310 —r-315 
— I — 
320 325 330 
Temperature (K) 
335 
Fig 3.2(a): The plot of Viscosity, TI, VS. temperature, of HSA in sodium 
phosphate buffer at pH 7.0 at varying concentration of HSA (g.ml'^ ). 
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Fig 3.2(b): The plot of Viscosity, i\, vs. temperature, of HSA-trehalose in 
sodium phosphate buffer at pH 7.0 at varying concentration of HSA 
(gml-^). 
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the plot that the ^y^, tor HSA in phosphate buffer follows a zig-zag pattern 
with varying protein concentration. While the r|sp values showed a peak at 
2.5X10''' g.ml"' HSA concentration and a decline at 5.0X10'" g.ml'' 
concentration. Later a rise was observed again at 7.5X10' g.ml' and a 
decrease at 10.0X10"' g.ml"' HSA concentration. However the plot of r|sp 
vs. concentration for samples containing 0.05M trehalose in the HSA-
buffer mixtures [Fig 3.3(b)l showed that a maximum was observed at 
7.5X10"' g.ml'' in the i]s|i values at all temperatures studied. This maxima 
was well defined and clear!}' visible al 309.15 K. The plots of r|sp against 
temperature for both the systems as depicted in Figs 3.4(a and b) show 
that for HSA-buffer system, a unique curve was obtained with a clear 
maxima for the HSA concentration of 5.0X10'" g.ml'' at 312.15 K [Fig 
3.4(a)]. Similarly at higher HSA concentration (10.0X10'" g.ml'') and in 
presence of trehalose. i]sp showed a decline with values falling below 
zero. The maxima was visible at this high protein concentration however 
at a lower temperature than 312.15 K [Fig 3.4(b)] .The comparative plots 
of specific viscosity for HSA-buffer and HSA-trehalose -buffer systems 
for all concentration have been given in Figs 3.5(a-e). The comparison 
shows remarkable changes in specific viscosities of HSA-buffer system 
when trehalose was added to the protein-buffer solution. Since the 
addition of trehalose lowers the T]>,p of the protein solutions the values 
falling below zero in case of solutions with HSA concentration 10.0X10"" 
g.ml''[Fig 3.5(e)]. 
The plots of Rln(i-iV,„/hN) vs. 1/T were found to be reasonably 
linear for both HSA-buffer and HSA-trehalose -buffer systems as shown 
in Figs 3.6(a and b) and by the values reported in Tables 3.3(a and b) the 
slope and intercept of the plots shown in Figs 3.6(a and b) were used to 
determine AS and AH values respectively as reported in Tables 3.4(a-e). 
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Table 3.2(a): Specific viscosity, rjsp, of HSA in phosphate buffer pH 7.0 
system determined as function of temperature and HSA concentration. 
Temp 
(K) 
Conccntmlion ol" USA (1 X10'* g.m!'') 
i.O 2.5 5.0 7.5 10.0 
303.15 0.0160 0.1908 0.0563 0.1484 0.1160 
306.15 0.1067 0.1851 0.0710 0.1419 0.2526 
309.15 0.0922 0.2014 0.1048 0.1502 0.1190 
312.15 0.0906 0.1897 0.1254 0.1576 0.1356 
315.15 0.1070 0.2057 0.1264 0.1436 0.1260 
318.15 0.0872 0.2078 0.1075 0.1260 0.1255 
321.15 0.0978 0.1802 0.1191 0.1140 0.0945 
324.15 0.0821 0.1812 0.1174 0.1378 0.1046 
327.15 0.0934 0.1840 0.1305 0.1160 0.0905 
330.15 0.0973 0.1996 0.1361 0.1307 0.0945 
333.15 0.0937 0.1623 0.0907 0.0915 0.0767 
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Table 3.2(b): Specific viscosity, rjsp. HSA-trehalose in phosphate buffer 
pH 7.0 system determined as function of temperature and HSA 
concentration. 
Temp 
(K) 
Concentration of H S A (1X10^ g.ml"') 
1.0 2.5 5.0 7.5 10.0 
303.15 0.0609 0.0013 0.0144 0.0807 -0.0522 
306.15 0.0712 0.0446 0.0570 0.1098 -0.0276 
309.15 0.0816 0.0662 0.0754 0.1580 0.0114 
312.15 0.0713 0.0606 0.0553 0.1101 0.0128 
315.15 0.0690 0.0579 0.0634 0.0996 -0.0169 
318.15 0.0613 0.0450 0.0450 0.0779 -0.0342 
321.15 0.0582 0.0403 0.0355 0.0741 -0.0356 
324.15 0.0723 0.0662 0.0484 0.0788 -0.0429 
327.15 0.0677 0.0316 0.0315 0.0509 -0.0677 
330.15 0.0402 0.0217 0.0149 0.0522 -0.0874 
333.15 0.0668 0.0281 0.0209 0.0597 -0.0678 
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Fig 3.3(a): The plot of Specific Viscosity, T|sp, vs. concentration, C of 
HSA in sodium phosphate buffer at pH 7.0 at different temperature 
ranging from 303.15 to 330.15K. 
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Fig 3.3(b): The plot of Specific Viscosity, T]sp, vs. concentration, C of 
HSA-trehalose in sodium phosphate buffer at pH 7.0 at different 
temperature ranging from 303.15 to 330.15K. 
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Fig 3.4(a): Specific Viscosity, risp, vs. temperature, of HSA in sodium 
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Table 3.3(a): Rln (r|V„yhN) (J.mol'') vs 1/T data for HSA in phosphate 
buffer pH 7.0 system obtained as functions of concentration. 
1/Temp 
(1/K) 
Concentration of H S A (1X10'' g.mr') 
0.0 i.O 2.5 5.0 7.5 10.0 
3.2986 29.8733 30.7107 31.3506 30.3552 31.1344 30.9010 
3.2663 29.3662 30.2098 30.8040 29.9630 30.5793 30.4371 
3.2346 28.8626 29.5970 30.4147 29.7177 30.1055 29.9109 
3.2035 28.6075 29.3301 30.0786 29.6165 29.9335 29.7781 
3.1730 27.9516 28.7992 29.5337 28.9682 29.1758 29.0508 
3.1431 27.6805 28.3786 29.2778 28.5564 28.7751 28.7751 
3.1138 27.3250 28.1040 28.7305 28.2879 28.3301 28.1868 
3.0849 26.7886 27.4487 
27.1013 
28.2012 
27.7869 
27.7389 27.9683 27.7261 
3.0567 26.3540 27.4020 27.3730 27.1839 
3.0289 25.9789 26.7540 27.5185 27.0660 27.1034 26.8367 
3.0016 25.7365 26.4866 27.0162 26.4865 26.5692 26.4592 
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Table 3.3(b): Rln (riV„yhN) (J.mol'') vs 1/T data tor HSA-trehalose in 
phosphate buffer pH 7.0 system obtained as functions of concentration. 
l/Temp 
(1/K) 
Concentration of H S A (IXIO" g.ml'') 
0.0 1.0 2,5 5.0 7.5 10.0 
3.2986 31.4628 31.9344 31,4629 31.5692 32,0815 31.0007 
3.2663 30.5801 31.1256 30,9252 31.0222 31,4138 30.3258 
3.2346 29.9118 30.5376 30,4272 
30,1622 
30.4983 31,1003 29.9874 
3.2035 29.7002 30,3267 30.1204 30,5286 29.7790 
3.1730 29.0980 29,6174 29,5388 29.5825 29,8485 28.9301 
3.1431 28.7759 29,2353 29,1154 29.1154 29,3612 28.4622 
3.II38 28.5118 28,9472 28.8141 28.7757 29,0689 28.1877 
3.0849 27.9171 28,4629 28,4236 28.2849 28,5116 27.5323 
3.0567 27.6374 28,1478 27,8704 27.8704 28,0154 27.0362 
3.0289 27.3513 27,6450 27.5049 27.4504 27.7407 26.5745 
3.0016 26.9966 27.5006 27.2020 27.1455 27.4471 26.3982 
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Fig 3.6(a): The plot of Rln(TiV^/hN) (J.mor^) vs. 1/T of HSA in sodium 
phosphate buffer at pH 7.0. 
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Fig 3.6(b): The plot of Rln(TiVm/hN) (J.mol') vs. 1/T of HSA-trehalose 
in sodium phosphate buffer at pH 7.0. 
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Table 3.4(a): The values of change in Entropy, AS (J.mor'.K"') and 
Enthalpy, AH (KJ.mor') of HSA in phosphate buffer pH 7.0 determined 
as functions of HSA concentration. 
Cone, of 
HSA 
(IXloVml"') 
-AS(J.mor'K'') AH(KJ.mol"') 
0.0 16.6733 14.1000 
1.0 16.7627 14.3710 
2.5 16.3520 14.4656 
5.0 12.1193 12.9308 
7.5 19.0517 15.2179 
10.0 19.2471 15.2279 
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Table 3.4(b): The values of change in Entropy, AS (J.mor'.K'') and 
Enthalpy, AH (KJ.mor') of HSA-trehalose in phosphate buffer pH 7.0 
determined as functions of HSA concentration. 
Cone, of 
HSA 
(IXlO'^g.ml"') 
-AS(J.mor'K-') AH (KJ.mor') 
0.0 15.7431 14.1920 
1.0 16.4468 14.5732 
2.5 15.9392 14.3556 
5.0 17.7967 14.9457 
7.5 20.J478 15.9267 
10.0 21.6355 15.9573 
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Table 3.4 (c): The values of change in Entropy, AS (J.mor .K ) of HSA 
and HSA-trehalose in phosphate buffer pH 7.0 as a function of HSA 
concentration. 
Cone, of 
HSA 
(IXlO^g.ml'') 
-AS (J.mor'K'') 
HSA 
-AS (J.mor'K-') 
HSA-trehalose 
0.0 16.6733 15.7431 
1.0 16.7627 16.4468 
2.5 16.3520 15.9392 
5.0 12.1193 17.7967 
7.5 19.0517 20.5478 
10.0 19.2471 21.6355 
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Table 3.4(d): The values of change in Enthalpy, AH (KJ.mol'') of HSA 
and HSA-trehalosc in phosphate buffer pH 7.0 as a function of HSA 
concentration. 
Cone, of 
HSA 
(IXloVml'') 
AH (K.I.mor') 
HSA 
AH (KJ.mol"') 
HSA-trehalose 
0.0 14.1000 14.1920 
1.0 14.3710 14.5732 
2.^ 14.4656 14.3556 
5.0 12.9308 14.9457 
7..S 15.2179 15.9267 
10.0 15.2279 15.9573 
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-I I^-l> Table 3.4(c): Change in Entropy, AS (J.mol .K" ) of HSA-trehalose and 
HSA in phosphate buffer pH 7.0 as a function of HSA concentration. 
1 
1 Cone, or 
HSA 
(IXlO^g.mf') 
-ASs,ab(J-mor'K-') 
0.00 0.9301 
1.00 0.3158 
2.50 0.4128 
2.16 0.0000 
5.00 -5.6773 
7.50 -1.4961 
10.00 -2.3938 
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The values of AG were obtained from the Eyring equation and data 
obtained reported in Tables 3.5(a and b) for HSA-buffer and HSA-
trehalose-buffer systems respectively. The plots in Figs 3.7(a and b) show 
a linear trend for both the systems. It is observed that AG values were 
found to increase with temperature and HSA concentration but a minima 
was observed at 5.0X10"' g.mf' for HSA-buffer system. The addition of 
trehalose increases the AG for HSA-trehalose-buffer system as compared 
to HSA-buffer system when HSA concentration ranged between 5.0-
lO.OXlO"" g.mr' [Fig 3.7(b)]. Comparative plots of AG for HSA-buffer 
and HSA-trehalosc -buffer systems for concentration 5.0 and 7.5(X10''' 
g.ml'') are shown in Figs 3.7(c and d). 
The ArrheiJLis plot for log viscosity vs. 1/T has been plotted for 
different concentrations of HSA for HSA-buffer and HSA-buffer-
trehalose systems to compute the values of Tmc (Figs 3.8 a-e). 
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Table 3.5(a): The values of change in Free energy, AG (KJ.mol" ) of 
HSA in phosphate buffer pH 7.0 as functions of HSA concentration and 
temperature. 
Temp 
(K) 
Concentration of HSA (1X10^ g.inr') 
0.0 1.0 2.5 5.0 7.5 10.0 
303.15 19.1545 19.4526 19.4228 ] 6.6048 20.9934 21.0627 
306.15 19.2045 19.5029 19.4718 16.6411 21.0506 21.1205 
309.15 19.2545 19.5532 19.5209 16.6775 21.1077 21.1782 
312.15 19.3045 19.6035 19.5699 16.7138 21.1649 21.2360 
315.15 19.3546 19.6538 19.6190 16.7502 21.2221 21.2937 
318.15 19.4046 19.7040 19.6680 16.7865 21.2796 21.3514 
321.15 19.4546 19.7543 19.7171 16.8229 21.3364 21.4092 
324.15 19.5046 19.8046 19.7662 16.8593 21.3935 21.4669 
327.15 19.5546 19.8549 19.8152 16.8956 21.4507 21.5247 
330.15 19.6047 19.9052 19.8643 16.9320 21.5078 21.5824 
333.15 19.6547 19.9555 19.9133 16.9683 21.5650 21.6401 
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Table 3.5(b): The values of change in Free energy, AG (KJ.mol"') of 
HSA-trehalose in phosphate buffer pH 7.0 as functions of HSA 
concentration and temperature. 
Temp 
(K) 
Concentration of H S A (1X10" g.ml-') 
0.0 1.0 2.5 5.0 7.5 10.0 
303.15 18.9646 19.5590 19.1876 20.3408 22.1558 22.5162 
306.15 19.0118 19.6084 19.2354 20.3942 22.2174 22.5811 
309.15 19.0590 19.6577 19.2833 20.4476 22.2791 22.6460 
312.15 19.1063 19.7071 19.3311 20.5010 22.3405 22.7109 
315.15 19.1535 19.7564 19.3789 20.5544 22.4024 22.7758 
318.15 19.2007 19.8058 19.4267 20.6078 22.4640 22.8407 
321.15 19.2480 19.8551 19.4745 20.6612 22.5256 22.9056 
324.15 19.2952 19.9044 19.5223 20.7145 22.5873 22.9705 
327.15 19.3424 19.9538 19.5702 20.7679 22.6489 23.0354 
330.15 19.3896 20.0031 19.6180 20.8213 22.7106 23.1003 
333.15 19.4369 20.0525 19.6658 20.8747 22.7722 23.1652 
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Fig 3.7(a): Studying the change in Free energy, AG (kJ.mol'^ ) vs. 
temperature for HSA in sodium phosphate buffer at pH 7.0. 
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Table 3.6: The change in temperature (T,„c) of HSA-buffer system on 
addition of trehalose. 
Amount of HSA 
added 
(lX10''g.mr') 
T„„ of HSA-
buffer 
(K) 
T„„ofHSA-
trehalose-buffer 
(K) 
1.0 312.12 311.40 
2.5 314.02 312.70 
5.0 315.85 314.75 
7.5 317.95 317.04 
10.0 320.45 317.56 
170 
1.05 
1.00-
0.95-
•2 0.90-1 
(0 
8 0.85-1 
CO 
> 
O) 
9 0.80-
0.75-
0.70 
HSA-buffer 
HSA-trehalose-buffer 
T^(311.40K) 
T (312.12K) 
3.00 3.05 3.10 3.15 3.20 3.25 3.30 
1/TX10^(1/K) 
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and HSA-trehalose-buffer at l.OXlO^g.mr' concentration of HSA at pH 
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DISCUSSION 
Viscometric studies provide information on dimension, hydration 
and shape of the protein molecule. Viscosity is one of the most important 
properties to study gross conformation of the protein and also affects 
particle volume. 
Thus, viscosity measurements were carried out for the two systems, 
HSA-buffer and HSA-trehalose-buffer as function of concentration and 
temperature (Figs 3.1 (a and b) and 3.2(a and b)). According to the plots 
there is an increase in the value of viscosity with an increase in the 
concentration of the solution shows that there is moderate attraction with 
solute and solvent molecules (Roy et al., 2009), while the decrease of 
values with rising temperature indicate a decrease in intermolecuiar 
forces due to thermal energy of the system (Srivastava et al., 2010).An 
increase in solute concentration increases the frictional forces (the 
attractive forces) between the neighboring proteins molecules in the 
solution and therefore increases its viscosity. When trehalose is added to 
the protein solution it was observed that its viscosity was increased 
further, Tables 3.1 (a and b). 
The specific viscosity, rj^ p was plotted as function of concentration 
and temperature. Figs 3.3(a and b) and 3.4(a and b). The specific 
viscosity is a concentration dependent quantity as shown in Figs 3.3(a and 
b). 
The plots of specific viscosity at different concentration of HSA 
with and without trehalose (Figs 3.5(a-e)) show that at 1.0X10"^  g.ml"' of 
HSA concentration when trehalose has added, two maxima were obtained 
one at 306.15K and the other at 324.15K temperature indicating higher 
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viscosity (which is close to soHdification) due to stabiHzation of HSA on 
addition of trehalose. It was observed that only one maxima was seen on 
HSA concentration 10.0X10'''g.mr' and the values of maxima were 
shifted to higher temperature with increase in protein concentration to 
2.5X10"'g.mr' and 5.0X10"* g.mf' but when concentration of HSA was 
increased upto 7.5X10"''g.mr', two maximas were observed one at 
306.15K, similar to the earlier but the other was shifted to a lower 
temperature of 314.15K. 
Proteins are stabilized generally by a combination of hydrogen 
bonding, electrostatic interactions and hydrophobic interactions with 
additional contribution in particular proteins from cross linking, metal 
complexing etc. Of all these, the hydrophobic interactions provide major 
contribution to stabilizing the globular form of most soluble proteins. In 
discussing the effect of trehalose on the stability of HSA, we have to 
consider the effect of sugar on these various forces and interactions. The 
zig-zag shape of the curve obtained in case of HSA-trehaiose-buffer 
system reflects extent of internal H-bonding at the different temperature 
and amount of secondary structure. A compact protein has greater H-
bonding and less exposed to hydrophobic groups. 
Water has a crucial role in protein structures. It moderates 
electrostatic interactions between charged and polar sites in the protein 
structure, thereby allowing the protein to both take up a biologically 
active conformation and exhibit the structural flexibility necessary for 
important intramolecular cooperative internal mobility. In sugar-protein, 
complexes, water can be expected to moderate the interactions between 
the protein and sugar since these are most likely to be electrostatic in 
origin (Lopez-Diez et al., 2000). 
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In aqueous solutions of proteins there is cooperative hydrogen 
bonded structure (Baci< et al., 1979) in which water competes as both 
donor and acceptor with backbone and side chain groups in the protein. 
When sugar is added to the protein solution the individual OH groups of 
sugar may also compete for hydrogen bonding but this effect is very 
small. 
The aqueous solutions of sugars have low dielectric constant 
(Akerlof, 1932) than pure water indicating that the electrostatic 
interactions should be stronger in these solutions than in pure water. 
However, this contribution to the stabilizing effect must be relatively 
small as compared to the hydrophobic interactions. Thus in presence of 
sugar, the hydrophobic interactions are increased and less exposure of 
hydrophobic groups to the solvent and thus, contributing to the overall 
protein stability. Thus, protein stability is the balance between 
intermolecular interactions of its functional groups and their interaction 
with solvent environment. 
Hydrophobic interactions are generally considered as to be the 
single major factor stabilizing the three dimensional structure of proteins 
(Fersht, 1977). In aqueous-organic mixed solvents, hydrophobic 
interactions depend on the solvent structure. The maximum hydrophobic 
interactions occurred in those solvent mixtures in which the three 
dimensional structure of water was most developed (Oakenfull et al., 
1979). Evidence derived from both spectroscopy and thermodynamics 
shows that sugars interact with water to an extent, which depends upon 
their molecular structure (Tait et al., 1972). 
According to recent literature the protective action of trehalose 
may be attributed to the fact that trehalose has been classified as a water-
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structure maker, that is the interaction between trehalose-vvater is much 
stronger than water-water interaction (Branca et a!., 2005). Thus, it is 
expected that an interaction of sugar and water molecules occur resulting 
in the formation of ice-like clusters in the vicinity of the protein. This 
results in increased water organization and strengthening of hydrophobic 
interactions caused by unfavorable (or polar) environment due to sugar. 
This vv'ould result in more stability of protein molecule and would reduce 
the extent of denaturation of protein molecules induced thermally or by 
extremes of pH or other denaturing agents. 
Free energy was found to increase with the addition of trehalose to 
HSA-buffer system while the entropy decreases and approaches to zero at 
2.16X10"^g.mr' (Table 3.4 e) indicating highly ordered state of the 
system. On comparison of AG of HSA-buffer and AG of HSA-buffer-
trehalose system at 5.0X10'^ 'g.ml"' there is rise in AGstab by addition of 
0.05M trehalose was 4.0 kcal.mol''. This rise in AGsi^ ib values was found 
to be similar to the values reported by Kaushik and Bhatt (2003). 
The pseudo glass transition temperature T^c (a rellection of Tg), the 
temperature at which conductance was minimum, which is characteristic 
of flabby state formation or appearance of solid phase in presence of 
stabilizer have been computed. The values of Tii,^ ; obtained for HSA-
buffer and HSA-trehalose-buffer solutions have been calculated using the 
values of viscosity. It was found that the value of T^c for HSA-buffer 
system decreases on addition of trehalose as shown in Figs 3.8(a-e). 
Tnic was found to be 312.12K for HSA-buffer solution at 1.0X10'^  
g.mf' MSA concentration but decreases to 311.40K when trehalose was 
added (Fig 3.8 a) and it was reported 317.56K at higher concentration 
lO.OXlO'^ ^g.ml"' as trehalose is capable of disturbing the bonding 
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arrangement of water and decreasing the freezing temperature of 
biological solutions to a lower value because trehalose hamper 
crystallization of protein by decreasing the amount of freezable water 
(Forbes et al., 1998). The T,„c for 7.5X10"''g.mr' of HSA concentration 
was found to be same as calculated in previous chapter through 
conductance (3I7.04K), Fig 3.8(d). 
Further, the increase in the value of T,„c at low temperature 
indicates that the phenomena of solidification started earlier in less 
concentrated solutions. 
Finally, this study of stabilization of HSA in presence of trehalose 
could be utilized for preservation of structure and function of organism 
under stress conditions. 
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CONCLUSION 
CONCLUSION 
In the present study compressibility, conductivity, viscometry and 
thermodynamic parameters of HSA and HSA-trehalose in phosphate 
buffer (pH 7.0) at different temperatures ranging 30°C to 60°C were 
studied by carrying out density, ultrasonic velocity, conductance and 
viscosity measurements, the results obtained have been used to study the 
effect of trehalose on HSA as function of temperature and protein 
concentration. 
The partial specific volume (u°) and partial specific adiabatic 
compressibility (%) data of said system suggests that thermal and 
chemical stabilization of HSA occurs on addition of trehalose. The results 
obtained from ultrasonics v/ere reconfirmed from conductivity data by 
specific conductance and molar conductance. Finally the viscosity data 
shows the stabilization of HSA by trehalose through various 
thermodynamic parameters like changes in enthalpy, entropy and free 
energy of stabilization. 
Thus ultrasonics, conductometric and viscometric studies led to the 
conclusion that specific changes at 7.5X10"'*g.mr' concentration of HSA 
solution, were suggestive of effective stabilization of the protein (HSA) 
by the stabilizer (trehalose). The T„n. value 317.04K was confirmed by 
two techniques, viscosity and conductance. This temperature of minimum 
conductivity observed, which is close to solidification temperature, is a 
good reflection of Tg or glass transition temperature of stabilizer, which is 
the main factor responsible for its bioprotective action. 
185 
PARTICIPATION IN CONFERENCES/SYMPOSIA 
1. National Symposium on Recent Trends in Chemical Sciences, 
Department of Chemistry, Aligarh Muslim University, Aligarh, India, 
February 24-25, 2010, Abstract Page No. 46. 
2. TWOWS Fourth General Assembly and International Conference: 
Women Scientists in a Changing World, Third World Organization 
for Women in Science (TWOWS), Chinese Academy of Sciences 
(CAS), Beijing, China, June 27-30, 2010, Abstract Page No. 75-76. 
